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ON  THE  CONSTITUTION   OF    PHENYLURAZOLE,  III: 

A   CONTRIBUTION  TO  THE  STUDY  OF  TAU- 

TOMERISM. 

By  S.  F.  Acree. 

(tenth  communication  on  the  URAZOLES.)^ 

(The  writer  is  indebted  to  the  Carnegie  Institution  of  Wash- 
ington for  aid  in  this  work.) 

Phenylurazole  and  i-phenyl-3-thiourazole  and  their  deriva- 
tives belong  to  the  class  of  substances  known  as  tautomeric 
compounds.  Furthermore,  they  are  amphoteric  compounds 
because  they  have  both  basic  and  acid  properties.  The  acid 
characteristics,  however,  are  decidedly  predominant.  In 
studying  the  constitution  of  these  substances  the  following 
5  formulae  must  be  considered : 

^  This  Journal,  27,  118;  31,  185;  32,  606;  37,  71,  361.    Ber.  d.  chem.  Ges.,  35, 
553;  36,3139;  37,  184,618. 
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In  order  to  study  the  equilibrium  phenomena  of  the  tauto- 
meric amide  groups  of  phenylurazole  and  the  other  urazoles, 
the  study  of  the  action  of  diazomethane  on  these  compounds 
was  undertaken.  In  phenylurazole  is  the  2,3  amide  group  a 
ketone,  — NHCO — ,  or  an  enol,  — N :  C(OH) — ,  or  a  mixture 
of  the  two  in  equilibrium?  Is  the  4,5-amide  group  present 
only  in  i  form  or  in  2  forms  in  equilibrium?  Obviously,  to 
secure  light  on  this  question  it  would  be  necessary  to  bring 
phenylurazole  and  other  urazoles  into  reaction  with  some  re- 
agent that  would  act  readily  with  both  keto  and  enol  forms 
under  conditions  which  would,  as  far  as  possible,  exclude  the 
possibility  of  changing  the  ratio  of  the  amounts  of  the 
2  tautomeric  forms  or  causing  the  rearrangement  of  either 
one  of  the  derivatives  into  another.  Diazomethane^  seems 
to  be  a  reagent  admirably  suited  to  this  purpose.  It  has  been 
proved  that  diazomethane  reacts  very  readily  with  substances 
known  to  have  the  keto  and  enol  structure,  and  it  has  further 
been  shown  that  the  methyl  derivatives  of  phenylurazole  do 
not  rearrange  into  each  other  under  the  conditions  of  the  ex- 
periments. When  phenylurazole  is  treated,  in  ether,  with 
an  excess  of  diazomethane  nearly  pure  i-phenyl-3-methoxy- 
4-methylurazole  is  formed.  There  are  present,  however, 
traces  of  other  dimethyl  derivatives  not  yet  identified.  When 
phenylurazole  is  treated  with  only  i  molecule  of  diazomethane, 
about  95  per  cent  of  i-phenyl-3-methoxyurazole  and  5  per 
cent   of    i-phenyl-2-methylurazole    are   formed.     These   reac- 

>  Acree:  Ber.  d.  chem.  Ges.,  36,  3139.  Bailey  and  Acree:  Ibid.,  33,  1529.  v. 
Pechmann:  Ibid.,  27,  1888;  28,855,  1624;  29,2591;  30,  646,  et  seq.  Wegscheider: 
Monats.  Chem.,  24,  364. 
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tions,  then,  make  it  appear  probable  that  there  is  equilibrium 
between  the  enol  and  keto  forms  of  the  2,3-amide  group  in 
phenylurazole  with  the  enol  form  in  great  excess.  But  how 
does  the  4,5-amide  group  react  towards  diazomethane  ?  When 
i-phenyl-3-methoxyurazole,  i-phenyl-3-ethoxyurazole, 
i-phenyl-2-acetylurazole,  or  i -phenyl- 3-thiomethylurazole  is 
treated  with  diazomethane  the.  corresponding  4-methyl  de- 
rivatives— that  is,  I  -  phenyl  -3-methoxy-4-  methylurazole, 
i-phenyl-3-ethoxy-4-methylurazole,  etc,  are  formed  nearly 
to  the  exclusion  of  the  5-methoxy  derivatives — that  is,  i- 
phenyl-3-methoxy -5- methoxyurazole,  i -phenyl -3-ethoxy-5- 
methoxjmrazole,  etc.  These  results,  then,  make  it  appear 
probable  that  the  4,5-amide  group  exists  in  2  tautomeric 
forms  in  equilibrium,  just  as  does  the  2,3-amide  group,  but 
with  the  keto  form  in  preponderance.  The  reactions,  then, 
with  diazomethane  seem  to  prove  that  the  2,37amide  group 
of  phenylurazole  exists  in  ether  almost  entirely  as  enol  form, 
but  the  4,5-amide  group  is  almost  entirely  a  ketone,  and  phenyl- 
urazole exists  in  ether  solution  nearly  completely  in  form  (II.) 
in  equilibrium  with  very  small  amounts  of  the  other  tauto- 
meric forms. 

But  this  evidence  is  certainly  only  qualitative,  as  a  general 
discussion  of  such  tautomeric  reactions  will  show.  It  is  per- 
fectly obvious  that  such  reactions  as  the  above  do  not  give 
us  decisive  evidence  in  regard  to  the  relative  amounts  of  the 
enol  and  keto  forms  in  any  given  amide  group  (or  other  tau- 
tomeric group)  in  which  the  change  from  one  tautomeric 
form  to  the  other  is  very  rapid  in  comparison  with  the  reac- 
tions between  the  2  forms  and  the  alkylating  (or  acylating, 
etc.)  reagents.  To  illustrate  graphically,  in  i  Uter  of  solution, 
let  C  and  C^  be  the  number  of  gram-molecules  of  the  2  tauto- 


RNH 

R— NCH3 

C      1       -FCH,N, 

^          1          +N3 

RCO 

K  R— CO 

K3II 

Q 

R— N 

R— N 

C,        ••       +CH2N2 

^          ••           +N, 

R— COH 

K,    R— COCH3 

Cs 
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meric  forms,  in  constant  equilibrium,  reacting  with  C  +  C^ 
gram-molecules  of  diazomethane  (or  other  reagents)  and  form- 
ing C2  and  C3  gram-molecules  of  the  stable  isomeric  deriva- 
tives in  the  time  interval  T.  If  neither  C^  nor  C3  rearranges 
into  the  other  and  if  Cj  and  C3  are  formed  from  C  and  C^,  re- 
spectively, by  reactions  of  the  second  order,  it  is  evident  that 
the  velocity  with  which  Cj  and  C3  are  formed  is  a  function  of 
the  total  concentration  of  the  tautomeric  substance  and  of 
the  concentration  of  the  diazomethane  (or  other  reagent). 
At  the  end  of  the  time  T  the  concentration  of  the  tautomeric 
substance,  and  also  of  the  diazomethane,  is  (C  4-  C^ — C^ — C3). 
The  theory  of  side  reactions  gives  us  the  following  equations 
to  express  the  course  of  the  reactions  in  question : 

^^  =  KiC+C-C-Qr  (I) 

^^  =  K,{C  +  C-C,-Qy.  (2) 

Dividing  (i)  by  (2)  we  get 

Integrating  (3)  we  get 

C2  =  K^C3  +  K".  (4) 

If,  in  (4),  Co  =  o,  then  Cg  =  o,  andiC"  =  o,  and  we  get  from 
(3) 

&=i^^  (5) 

That  is,  the  ratio  of  the  amounts  of  the  2  esters  formed  dur- 
ing various  time  intervals  is  a  constant. 

If  we  take  into  consideration  the  fact  that  the  tautomeric 
compound  exists  in  2  forms  in  constant  ratio,  the  equations 
must  be  slightly  changed  but  the  conclusion  arrived  at  is  the 
same.  If  the  keto  and  enol  forms  are  in  constant  equilibrium, 
that  is,  if  C  =  K^C^,  then  evidently  the  concentration  of  the 
keto  form  present  at  any  moment  is  not(C  +  Q — Cj — C3)  but 
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— -j-^    (C  +  Ci — C2 — C3),  and  the  concentration  of  the  enol 
I  +  A3 

tautomer    is    — j-j^  (C  +  Q — C^ — C3).     Equations  (i)    and 

(2)  above  then  become 


and 


§=^l  (c+Q-Q-c3)^  (6) 


^'^ifk  <.C+C-Q-C,)K  (7) 


By    dividing  (6)  by  (7)  we  get  equation  (8), 


dC-  K,  -^    '  ^^^ 

which  by  integration  as  in  (4)  and  (5)  gives  (9), 

g.^==/f...,  (9) 

C 
which  has  the  same  form  as  (5).     Since  the  ratio  -^  can  be 

measured  experimentally,  it  is  evident  that  the  value  of  X"^ 
can  be  determined. 

By  addition  (6)  and  (7)  give 

d{C,+C,)     KK.+K, 

dT  I+kT  ^       ^-^2—(~-z)  - 

K^^{C+C,-C-C,y,     (10) 
which  by  integration  gives 

C2  +  Q  _iC+C,)(KK,+K,)_ 

T(C+C— C2— C3)  i+K,  ^    (.c+cj.^i; 

Since  T  and  C,  +  Cg  can  be  measured  experimentally  and 

KfC  4-  fC 

C  +  C,  is  known,  it  is  evident  that  the  value  of 7-^^  or  K^'^ 

1+A3 

can  be  determined. 

But   in  the   2  equations,   -jy-'  =  /C'"  and         fT.^  =  K^^ 


6  Acree. 

there  are  3  unknown  quantities ;  it  is  impossible  to  determine 
the  value  of  K,  K^  or  K^  from  these  2  equations  alone.  Un- 
less by  some  conductivity,  spectroscopic,  or  other  means  we 
can  determine  the  value  of  one  of  these  constants,  we  cannot 
hope  to  learn  the  quantitative  relations  of  these  tautomeric 
compounds  in  which  the  change  from  one  form  to  another  is 
very  rapid.  The  above  ideas  have  received^  quantitative 
confirmation  in  the  study  of  the  reactions  between  alkyl  halides 
and  the  salts  of  i-phenyl-4-methylurazole  and  i-phenyl-3- 
thiourazole.  It  has  been  found  that  the  salts  exist  in  enol 
and  keto  forms  in  equilibrium,  and  that  the  enol  and  keto 
anions,  E  and  K,  react  with  the  alkyl  halides  and  form  0- 
and  N^-esters.  The  discussion  holds  for  reactions  which  in- 
volve the  enol  and  keto  anions  just  as  surely  as  it  does  for  the 
molecular  tautomers. 

Na  +  N(R)COR  ^  NaN(R)COR  ^ 
K 

RN :  C(R)ONa  ^  RN :  C(R)0  +  Na. 
E 

In  all  of  the  alkylation  reactions  of  the  following  and  similar 
salts  in  which  two  products  are  formed,  it  is  believed  (i)  that 
there  may  be  two  salts  in  equilibrium  somewhat  as  expressed 
below,  or  (2)  that  one  of  the  alkyl  derivatives  is  formed  from 
the  other.  We  shall  study  the  reactions  of  such  tautomeric 
salts  and  acids  in  the  light  of  this  hypothesis. 

KNC  ^  KCN 

KONO  ^  KNO^ 

KOCN  ^  KNCO 
KOCR:S^^KSCR:0 
(KO)^:O^KSO,OK 

«-^^^/ \ 

^-®  HO^ ^k 


HO 

Acree:  This  Journal,  37,  71. 
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But  in  the  case  of  phenylurazole  we  have  fairly  good  evi- 

dence  on  the  value  of  the  ratio  ^ ;  that  is,  the  relative  activity 

of  the  keto  and  the  enol  forms  towards  diazomethane.  A 
study  of  the  reactions  of  various  urazoles  has  shown  that 
the  imido  group  at  — 4 —  reacts  practically  as  rapidly  as  the  enol 

group  at  — 3 ;  in  other  words,  the  value  of  ^  is  nearly  unity. 
From  equation  (9),  then,  we  get  another  equation, 

that  is,  the  ratio  of  the  amounts  of  enol  ester  and  keto  ester 
formed  in  a  given  time  interval  T,  is  approximately  the  ratio 
of  the  amounts  of  the  enol  and  keto  forms  of  the  amide  group. 
In  phenylurazole  in  ether  solution  then,  since  the  2,3-amide 
group  gives  95  per  cent  of  i-phenyl-3-methoxyurazole  and  5 
per  cent  of  i-phenyl-2-methylurazole,  this  amide  group  is 
probably  95  per  cent  enol  and  5  per  cent  ketone.  On  the 
other  hand,  the  same  kind  of  evidence  shows  the  4,5-amide 
group  to  be  in  ether  solution  about  95  per  cent  keto  form  and 
5  per  cent  enol  form.  These  figures,  however,  are  only  approx- 
imate, as  the  value  of  the  ratio  K:  K^  was  not  very  accurately 
determined.  This  work  is  being  carried  further  to  secure 
more  accurate  data. 

In  order  to  simplify  the  following  discussion  of  other  cases 
we  shall  take  the  value  of  T  to  be  so  small  that  the  values  of 
C  and  Ci  are  not  appreciably  diminished.  Therefore,  during 
the  time  interval  T  let  Cj  =  K'C  and  C3  =  K"Cy  The  real 
quantitative  relations  between  C  and  Cg,  C^  and  C3,  etc., 
would,  of  course,  have  to  depend  upon  the  differential  equa- 
tions given  above. 

Suppose  that  in  a  given  amide  the  ratio  C:Q  =  1:100, 
and  the  ratio  K':K"  =  100.  It  is  apparent  then  that  the 
ratio  of  the  amounts  of  the  alkyl  derivatives  formed,  C^'.C^  =  i. 
The  ratio  of  the  amounts  of  the  derivatives  obtained  will, 
therefore,  in  such  a  case,  give  no  clue  to  the  ratio  of  the  2  tau- 
tomeric forms  of  the  amide  group.      But  if  K':K"  =  i,  in 


8  Acree. 

other  words,  if  the  reactivity  of  both  tautomeric  forms  towards 
the  alkylating  (or  other)  reagent  is  the  same,  then  the  ratio 
Cj :  Cg  is  exactly  equal  to  the  ratio  C :  Q  and  a  determination 
of  the  ratio  C^:  C3  gives  us  the  value  of  C:  Cy  Our  urazoles, 
both  tautomeric  forms  of  which  react  with  diazomethane 
with  about  the  same  readiness,  come  under  this  class. 

If,  on  the  other  hand,  the  change  from  one  tautomeric 
form,  C,  to  the  other,  Q,  is  very  slow  in  comparison  with  the 
speed  of  the  alkylation  reactions,  and  if  K'  =  K",  then  the  ratio 
C^-.C^  is  nearly  equal  to  the  ratio  CiQ.  But  if  K'  and  K'^ 
are  not  equal  then  again  the  ratio  C^ :  C^  cannot  be  equal  to 
the  ratio  C :  Q. 

It  might  be  thought  that  if  we  could  measure  the  value  of 
K'  and  of  K"  in  similar  reactions  with  substances  known  to 
have  the  constitution  of  C  and  Cj  we  could  obtain  the  value 
of  C:Ci  from  the  value  of  C^'.C^.  Under  what  conditions 
can  the  ratio  Cj :  C3  be  approximately  constant  for  a  few  time 
intervals  T  and  be  equal  to  the  ratio  K'C:K"C^}  It  is  evi- 
dent that  such  can  be  the  case  (i)  when  the  change  from  C 
to  Ci,  or  vice  versa,  is  instantaneous  in  comparison  with  the 
speed  of  the  2  alkylation  reactions.  When  C :  C^  and  K' :  K^ 
are  constant,  C^:  C^  will  be  constant,  and  C^'.C^  =  K'C.K^Cy 
And  in  such  a  case  we  must  know  the  value  of  K' :  K"  in  order 
to  be  able  to  determine  the  value  of  C :  C^,  or  vice  versa.  (2)  If 
the  change  of  C  into  Cj,  or  vice  versa,  is  very  slow  in  compari- 
son with  the  alkylation  reactions,  and  if  K'  =  K",  then  the  ratio 
C2 :  C3  will  be  approximately  constant  for  a  short  time  and 
will  be  equal  to  the  ratio  C-.C^- 

If  the  ratio  C :  Ci  is  changing  considerably  during  the  alkyla- 
tion reaction,  as  one  or  the  other  form  is  removed  the  more 
rapidly,  since  K':K"  is  constant,  C^'-C^  must  change  at  the 
same  rate. 

It  is,  therefore,  clear  that  the  ratio  C^:  C3  of  the  amounts  of 
the  stable  alkyl  (or  other)  derivatives  formed  from  a  tauto- 
meric substance  and  an  alkylating  (or  other)  reagent  depend 
upon  3  things:  (i)  the  relative  reactivity  of  the  2  tautomeric 
forms  towards  the  other  reagent;  (2)  the  ratio  between  the 
amounts  of  the  2  tautomeric  forms  when  they  are  in  constant 
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equilibrium  with  each  other ;  and  (3)  the  rapidity  of  the  change 
of  each  of  these  tautomeric  forms  into  the  other  as  the  equilib- 
rium between  them  is  disturbed.  This  reaction  may,  in  cer- 
tain cases,  be  complicated  by  the  rearrangement  of  one,  or 
each,  of  the  tautomeric  derivatives  into  the  other,  or  some 
other  product. 

Unless  we  know  (i)  and  (3)  from  other  data  we  cannot  use 
the  ratio  of  the  amounts  of  the  derivatives  found  to  determine 
the  ratio  of  the  amounts  of  the  2  tautomeric  forms.  In  other 
words,  the  mere  fact  that  we  get  only  i  derivative  from  a  tau- 
tomeric substance  and  another  reagent  furnishes  no  evidence 
whatever  in  regard  to  the  constitution  of  the  tautomeric  sub- 
stance. A  tautomeric  substance  having  nearly  completely 
the  enol  form  could  give  completely  a  ketone  derivative  if 
the  enol  form  does  not  react  with  the  reagent,  but  the  ketone 
form  does  enter  into  such  a  reaction. 

It  is  clear  then  that  we  cannot  use  such  reagents  as  phenyl- 
hydrazine,  phenylisocyanate,  etc.,  to  determine  the  constitu- 
tion of  such  things  as  acetoacetic  ester,  because  we  do  not  know 
the  relative  activity  of  the  enol  and  keto  forms  towards  these 
reagents,  the  ratio  of  the  amounts  of  the  2  tautomeric  forms, 
or  the  rapidity  of  change  of  one  tautomer  into  the  other.  At 
best,  we  know  only  that  ketones  do  react  with  phenylhydra- 
zine,  probably  first  by  addition,^  and  also  that  acids^  (enols) 
condense  with  hydrazines,  amines,  etc.,  and  form  hydra- 
zides  and  amides.  The  same  hydrazide  of  acetoacetic  ester 
could  be  formed  from  either  the  keto  or  enol  form  by  reac- 
tions perfectly  analogous  to  others  well  known. 

CHjCOCHjCOOR-fNHaNHCeHg  ^-^ 

CH3C(OH)(NHNHCeH5)CH2COOR  ^^ 

CHgCCNHNHCeHg) :  CHCOOR  +  U^O ; 

CHgCCOH) :  CHCOOR -f-  NH^NHCeHg  ^-^ 

CHgCCNHNHCeHg):  CHCOOR  -\-  H^O. 

1  Nef:  Ann.  Chem.   (Liebig),  270,  289.  333.     Stadeler:  Ibid.,  106,  253.     Schiff: 
Ber.  d.  chem.  Ges.,  10,  165.     Wislicenus  and  Scheldt:  Ibid.,  24,  3006. 

2  Tingle:  This  JotJRNAL,  19,  408.     Tingle  and  Hoffman:  Ibid.,  34,  1227.     Tingle 
and  Robinson:  Ibid.,  36,  234. 
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Goldschmidt^  thought  that  phenylisocyanate  should  react 
readily  only  with  the  enol  group  of  acetoacetic  ester,  but  Dieck- 
mann^  and  MichaeP  proved  afterwards  that  the  reaction  prod- 
uct from  acetoacetic  ester,  or  its  sodium  salt,  is  really  a  carbon 
derivative,  acetylmalonic  acid  ester  anilide. 

In  order  to  study  this  problem  of  tautomerism  with  any 
success  we  must  use  quantitative  methods  to  study  (i),  (2) 
and  (3)  with  as  many  tautomeric  substances  (including  their 
salts)  and  at  different  temperatures,  in  different  solvents,  etc., 
as  possible,  and  that  is  being  done  in  this  laboratory. 

It  was  shown  above  and  in  a  previous  paper  that  the  reac- 
tions of  phenylurazole  and  i-phenyl-3-thiourazole  with  diazo- 
methane  make  it  probable  that  these  urazoles  exist  in  solution 
nearly  completely  in  the  form  (II.),  in  equilibrium  with  the 
other  forms.  It  may  be  stated  that  all  of  the  evidence  se- 
cured since  that  time  bear  out  this  conclusion.  In  order  to 
arrive  at  the  correct  mathematical  expression  of  the  relations 
between  the  ionic  and  molecular  forms  of  these  tautomeric 
compounds  in  various  solvents,*  in  different  concentrations,, 
at  different  temperatures,  and  under  various  other  conditions, 
it  will  evidently  be  necessary  to  know  whether  the  equilibrium 
is  between  molecules  or  anions,  whether  both  tautomeric 
fonus  give  hydrogen  ions,  whether  the  ionization  of  each  tau- 
tomeric form  follows  Ostwald's  dilution  law,  or  one  like  van't 
Hoff's,  Rudolphi's  or  Storch's  dilution  equation,  and  other 
points  which,  for  lack  of  space,  cannot  be  discussed  in  this 
article.  Will  the  data  obtained  by  conductivity  methods 
alone  give  us  any  information  concerning  the  equilibrium 
conditions  in  a  solution  of  any  tautomeric  compound? 

To  illustrate  by  one  of  the  several  different  cases  that  would 
arise  under  the  conditions  spoken  of  above,  let  us  assume  that 
we  are  dealing  with  an  amide  whose  2  tautomeric  forms  give 

'  Goldschmidt  and  Meissler:  Ber.  d.  chem.  Ges.,  23,  253. 

«  Ibid.,  33,  2002. 

«  J.  prakt.  Chem.,  36,  451 ;  60,  316.     Ber.  d.  chem.  Ges.,  29,  1794. 

*  Hantzsch  and  students:  Ber.  d.  chem.  Ges.,  29,  699,  2251;  32,  607,  3066;  34, 
3142;  36,  210,  265,  1001.  Goldschmidt  and  Oslan:  Ibid.,  32,  3390.  Dedichen:  Ibid.r 
39.  1831.  Trubsbach:  Z.  physik.  Chem.,  16,  708.  Wood:  J,  Chem.  Soc,  89,  1831,. 
1839. 
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hydrogen  ions  in  accordance  with  Ostwald's  dilution  law, 
and  that  the  equiUbrium  is  established  practically  instanta- 
neously, and  is  between  the  molecular  forms  as  in  the  case  of 
Dimroth's^  ethyl  i-phenyl-i,2,3-triazole-5-oxy-4-carboxylate. 


Ck 


R—NH 

K, 

R—N       + 

1 
RCO 

Z^ 

1     +^ 
R—CO 

IK 

Cki 

R—N 

K. 

R—N       + 

R—COH 

s->- 

R—CO 

Cei 

I.  In  the  volume  of  solution  V  let  there  be  Ck  and  Cg  gram 
molecules  of  the  keto  and  enol  forms,  respectively,  giving 
Cki  and  Cei  gram  equivalents  of  their  respective  ions.  Let 
H  gram  equivalents  of  hydrogen  ions  be  present,  and  let  Ki 


forms,  respectively. 
Let 


Ck=K,C„  (I) 

(2) 


(3) 


Cu 

— ^VjK    , 

and 

HXC» 

=  K,V. 

From  (i)  and  (2)  by 

substitution, 

HXCki 

=  K,K,V. 

From  (2)  and  (4)  by 

inversion 

and  addition, 

HXCki 

_K,K,V 

(4) 


From  (i),  (2)  and  (3)  by  substitution, 

1  Ann.  Chem.  (Liebig),  335,  1 ;  338,  143. 


Acree. 


From  (5)  and  (6)  by  substitution, 

HXC,1         K,V 


(7) 


From  (5)  and  (7)  by  addition, 

In  other  words,  a  solution  of  a  tautomeric  substance  having 
the  properties  described  above  will  give  a  constant  according 
to  Ostwald's  dilution  law.  The  fact  that  a  constant  is  ob- 
tained by  substituting  the  experimental  data  in  Ostwald's 
dilution  formula  does  not  enable  us  to  decide  whether  the 
tautomeric  compound  exists  in  2  forms  in  equiUbrium  as  in 
I.,  or  exists  as  only  i  form.  Phenylurazole  comes  under  this 
case.  The  conductivity  data  show  that  phenylurazole  gives 
a  constant  according  to  equation  (8) ;  but  only  by  the  use  of 
chemical  reactions  was  it  possible  to  prove  that  both  tauto- 
meric forms  of  the  2,3-amide  group  are  present.  The  value 
of  the  constant  found  by  experiment,  K,  Is  a  function  of  the 

constants  of  the  2  tautomeric  forms,  — ,  as  is  approxi- 
mately the  case  with  isohydric  mixtures  of  i  volume  of  acetic 
acid  and  x  volumes  of  butyric  acid,  or  any  weak  acids  not 
tautomeric  or  dependent  on  each  other.  The  ionic  velocity 
of  Cki  will  be  the  same  as  that  of  Cei,  or  so  near  it,  that  we 
may  take  them  to  be  the  same  in  all  these  equations;  this  is 
generally  the  case  with  isomers,  such  as  the  0-,  ni-  and  /?-toluic 
acids,  etc.  The  value  of  the  constant  obtained,  say  by  con- 
ductivity methods,  gives  no  data  in  regard  to  the  relative 
magnitude  of  K^,  K^  and  K^,  or  the  relative  amounts  of  enol 
and  keto  forms,  and  these  values  must  be  obtained  by  other 
methods.      If  by  another  method  it  were  found  that  K^  is 

K    A-  K  TC 
very  small  in  comparison  with  K^  and  K2,  then      ^  ,j_t/    ^ 

I  "rxV3 
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would  become  nearly  equal  to  K2  or  K,  and  the  determination 
of  the  value  of  K  by  conductivity  methods  would  be  really 
the  determination  of  the  value  of  K^-  It  is  further  evident 
that  the  above  discussion  can  be  widened  to  the  considera- 
tion of  the  2  amide  groups  in  phenylurazole,  and  to  the  salts 
of  all  tautomeric  compounds. 

II.  If  one  tautomer,  say,  the  keto  form,  gives  no  hydrogen 
ions,^  or  K^  =  o,  and  the  other  obeys  Ostwald's  dilution 
law,  the  equihbrium  between  the  molecular  forms  remaining 
as  in  I,  then  the  equations  are  the  following: 

Let 

C,=Kf,  (I) 

and 

^^^  =  K,V.  (2) 

Then  from  (i)  and  (2)  by  substitution, 

Ck  K,  • 

Therefore,  from  (2)  and  (3)  by  addition 
HXCei         K,V 


(3) 
KV.  (4) 


(C,+Ce)       i+K, 

In  such  a  case  the  tautomeric  compound  will  obey  Ostwald's 
dilution  law,  but  the  data  obtained  give  us  no  information 
in  regard  to  the  ratio  of  the  amounts  of  the  enol  and  keto  forms ; 
that  is,  the  relative  values  of  K2  and  K^.  As  the  value  of  K^ 
becomes  smaller,  and  the  keto  form  disappears,  the  value  of 
K  measured  approaches  that  of  the  Ostwald  constant,  K^, 
for  the  enol  form.  Phenyl-3-thiourazole  comes  under  this 
last  heading.  Phenyl-3-thiourazole  gives  a  constant  accord- 
ing to  equation  (4),  and  a  number  of  chemical  reactions  show 
the  value  of  K^  to  be  very  small  for  the  2,3-thioamide  group. 
This  group,  then,  seems  to  exist  nearly  completely  in  the  enol 
form. 

1  Zawidzki:  Ber.  d.  chem.  Ges.,  37,  2298.  Kauffmann:  Ibid.,  37,  2468;  Z.  physik. 
Chem.,  47,  621.  Euler:  Ber.  d.  chem.  Ges.,  39,  1607,  2265.  Han tzsch  and  students: 
Ibid.,Zi,2\0,226,\O0l,etseq. 
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III.  If  one  tautomer,  the  keto  form,  obeys  Ostwald's  dilu- 
tion law  and  the  other  obeys  Rudolphi's  dilution  formula, 
and  the  equilibrium  between  the  molecular  forms  is  the  same 
as  in  I.,  the  equations  assume  the  following  forms.     Let 

C,=K,C„  (I) 

"^=K,V,  (2) 
and 

^^-^=KWV.  (3) 

Then  from  (4)  ....    (9)  in  I., 

HX  jCki+C^)  ^  K,K,V+K,^lY 
(Q+C)  1+K3        •  ^4) 

If  Cg  becomes  nearly  zero,  then  (4)  approaches  (5)  in  form. 

^^•  =  K,V.  (5) 

If  Cf,  becomes  nearly  zero,  then  (4)  approaches  (6)  in  form. 
HXC, 


a 


=  K,ylY.  (6) 


It  is  evident  that  when  the  value  of  K^  is  near  unity  and  K^ 
and  K2  have  comparable  values,  we  cannot  get  a  constant  by 
substituting  in  (4)  the  data  obtained  by  conductivity  measure- 
ments. Only  when  C^  or  Q  becomes  nearly  zero  would  we 
get  an  approximate  constant,  according  to  (5)  or  (6). 

IV.  If  both  tautomeric  forms  obey  Rudolphi's  dilution  for- 
mula and  the  equilibrium  between  the  molecular  enol  and 
keto  forms  is  the  same  as  in  I.,  the  equations  become 

Ck=Kf„  (I) 


and 

HXCw 


^2Vv.  (3) 
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Then  from  (4)  in  III.  we  get 

(C.+Q        = T+K, ^^^^-  (^) 

In  this  case  a  constant  will  be  obtained  by  substituting  the 
data  found  in  the  Rudolphi  formula  (4),  and  the  alkali  salts 
of  the  urazoles  give  very  good  constants.  The  relation  of 
the  value  of  K  to  that  of  K^  or  K^  will  depend  upon  the  value 
of  K^,  and  the  data  obtained  give  no  information  concerning 
the  relative  amounts  of  enol  and  keto  forms  present.  The 
same  constant  would  be  derived  even  if  the  substance  existed 
in  only  one  (tautomeric)  form  which  obeys  Rudolphi's  dilution 
formula.  But  it  has  been  proved  by  quantitative  work  on 
the  reactions  between  salts  of  i-phenyl-4-methylurazole  and 
alkyl  halides  that  the  salts  are  actually  present  in  both  enol 
and  keto  forms. 

V.  If  the  keto  tautomer  gives  no  hydrogen  ions  and  the  enol 
form  obeys  Rudolphi's  dilution  formula  and  the  equilibrium 
is  the  same  as  in  I.  the  equations  are 

Ck=K,C,,  (I) 

and 

^^=^^Wv.  (2) 

Therefore  from  (3)  and  (4),  in  II.,  we  get 

HXCh_K^4v 
Ck  K, 

and 


(3) 


HxCm  _K^<V 


==KylY.  (4) 


In  this  case,  as  in  II.,  we  should  obtain  a  constant  by  sub- 
stituting in  (4)  the  data  obtained  by  experiment.  As  the 
value  of  K^  approaches  zero  the  value  of  K  found  approaches 
that  of  K^-  Unless  we  can  obtain,  by  other  means,  the  value 
of  K2  or  K^,  the  value  of  K  "in  (4),  as  determined  by  conduc- 
tivity methods,  gives  us  no  data  in  regard  to  the  relative  values 
of  K2  and  K^.     It  is  evident  that  the  salts  formed  by  these 
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tautomeric  acids  and  strong  bases  must  probably  be  treated 
under  IV.  and  V.  Some  salts  may,  however,  ionize  so  little 
that  they  may  be  treated  under  I.,  II.,  or  III.  It  wall  be  re- 
called that  mercuric  chloride  and  mercuric  cyanide  give  nearly 
a  constant  when  the  data  showing  the  ionization  are  substi- 
tuted in  Ostwald's  dilution  formula.  The  per  cent  of  ioniza- 
tion, as  well  as  the  per  cent  of  hydrolysis,  of  each  tautomeric 
salt  in  aqueous  solution,  will  depend  upon  the  strength  of  the 
acid  and  the  base  which  forms  the  salt,  and  upon  the  concen- 
tration and  temperature  of  the  solution. 

VI.  In  the  equations  worked  out  in  I....V.,  the  as- 
sumption was  made  that  the  molecular  forms  of  the  enol  and 
keto  tautomers  are  in  equilibrium.  We  can  readily  see,  how- 
ever, that  other  cases  must  be  considered  in  which  the  anions 
corresponding  to  the  enol  and  keto  forms  are  in  equilibrium. 
Evidently,  as  in  the  cases  considered  above,  the  enol  and  keto 
forms  may  give  constants  according  to  Ostwald's  dilution 
formula  or  Rudolphi's  (van't  Hoff's  or  Storch's)  dilution  for- 
mula, and  all  these  cases  must  be  considered.  In  VI.  we  shall 
assume  that  both  enol  and  keto  forms  give  ionization  constants 
according  to  Ostwald's  dilution  formula. 

Let 

C,i=K,C^,,  (I) 


(2) 


and 


r       -K,V.  (3) 


From  (i)  and  (2),  by  substitution. 

Therefore,  from  (2)  and  (4),  by  addition, 

HXjCki+Cei)  ^ii-\-K,)K,V 

From  (i)  and  (5),  by  substitution, 


(4) 


(5) 
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HX (Qf+CW)  _  (J  +K,)K,V.  (6) 


From  (5)  and  (6),  by  inversion  and  addition, 
HX  {Ckt+Ce^)  ^  K,K,{i-^K,)V  ^ 


(7) 


Evidently,  then,  as  the  value  of  K^  approaches  zero  the 
value  of  K  approaches  that  of  K^.  As  the  value  of  K^  ap- 
proaches infinity  the  value  of  K^  +  KJK.^  approaches  that  of 
iCji^a  and  the  value  of  K  approaches  that  of  K^.  It  is  further 
evident  that  since  the  tautomeric  compound  gives  a  constant 
according  to  the  Ostwald  dilution  formula  in  I.  or  VI.,  the 
value  of  this  constant  and  the  other  data  obtained  by  conduc- 
tivity methods  cannot  give  us  any  information  as  to  whether 
the  equilibrium  is  between  the  molecular  enol  and  keto  forms 
or  between  the  anions  from  these  forms.  This  holds  also  for 
the  2  following  cases.  The  quantitative  study  of  certain  re- 
actions, however,  would  enable  us  to  decide  whether  the  equi- 
Hbrium  is  between  the  anions  or  the  molecular  tautomers. 
This  has  been  done,  for  instance,  in  the  case  of  the  alkali  salts 
of  i-phenyl-4-methylurazole.  These  salts  give  a  constant 
in  Rudolphi's  dilution  equation,  and  it  is  impossible  to  tell 
from  conductivity  data  whether  the  equiUbrium  is  in  accord- 
ance with  IV.  or  VII.  But  the  study ^  of  the  reactions  be- 
tween these  salts  and  alkyl  halides  has  shown  that  the  equilib- 
rium is  between  the  molecular  tautomers,  as  in  IV.,  and  not 
between  the  anions,  as  in  VII. 

VII.  Let  us  suppose  that  both  tautomers  ionize  according 
to  Rudolphi's  dilution  formula  and  that  the  anions  are  in 
equiUbrium  as  in  VI. 

The  equations  will  be  identical  with  those  in  VI,  with  the 
exception  that  Vr  must  take  the  place  of  V.  Equation  (7) 
in  VI.  becomes 

Hy.{Cki^Cei)  ^K,K,{i+K,)^V ^ 

It  is  evident,  then,  that  a  constant  would  be  obtained  in 

1  Acree:  This  Joxtrnal,  37,  84. 
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this  case  just  as  in  IV.  The  conductivity  data  alone  would 
not  give  any  evidence  as  to  whether  the  equilibrium  is  be- 
tween the  molecular  enol  and  keto  forms  or  between  their 
anions,  nor  would  the  value  of  K,  determined  by  this  means, 
give  any  data  in  regard  to  the  relative  magnitude  of  K^,  K^ 
and  K^. 

VIII.  Let  the  keto  form  obey  Ostwald's  dilution  formula 
and  the  enol  form  obey  Rudolphi's  dilution  formula  and  let 
the  equilibrium  be  between  the  anions  corresponding  to  the 
enol  and  keto  forms. 
Then 


and 

HXC. 


Cki  =  K^.i,  (I) 

"^^''      K,V  (2) 


=  K,yly.  (3> 


Therefore,  from  (i)  and  (2),  by  substitution, 

HXC,,      K,V 

~  (4> 

(5) 
(6) 

(^^  —^K'    ,  "3/--  (7) 

From  (5)  and  (7),  by  inversion  and  addition, 

(C*+Q  K,K,+K,4V  •  ^^^ 

It  is  evident  that,  as  in  III.,  no  constant  can  be  obtained 
in  (8)  when  K^,  K^  and  K^  have  comparable  values.     Further- 


Ck     ' 

^3- 

From  (2)  and  (4),  by  addition, 

HX{Ckl  +  Cer) 

K,{i^K,)Y 

Ck 

^3 

From  (i)  and  (3),  by  substitution, 

HXCki 

Ce 

K,K,ylK 

From  (3)  and  (6),  by  addition, 

HX(C,r(-Cw)  . 

=  KJt-\-K,)^ 
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more,  since  no  constant  can  be  obtained  in  equation  (4)  in  III., 
nor  in  equation  (8)  in  VIII.,  when  K^,  K^  and  K^  have  com- 
parable values,  it  is  impossible  to  tell  by  simple  conductivity 
data  when  one  tautomer  obeys  Ostwald's  dilution  formula 
and  the  other  Rudolphi's  dilution  formula,  whether  the  equilib- 
rium is  between  the  molecular  forms  of  the  tautomers  or  be- 
tween their  anions. 

IX.  It  is  evident  that  the  case  must  be  considered  in  which 
the  molecular  enol  and  keto  forms  are  in  equiUbrium  and  at 
the  same  time  the  anions  of  the  enol  and  keto  forms  are  in 
equilibrium.  We  must  first  consider  whether  stich  relations 
can  possibly  exist,  and,  if  so,  under  what  conditions  the  molecu- 
lar forms  can  exist  in  equiUbrium  while  the  anions  are  in  equilib- 
rium. Let  the  assumption  be  made  that  both  tautomers  obey 
Ostwald's  dilution  law.  Let  Q,  Q,  Cj,-,  and  C^i  be  the  number 
of  gram  equivalents  of  the  keto  molecular  tautomer,  enol 
molecular  tautomer,  keto  anion,  and  enol  anion,  respectively, 
in  the  volume  V  of  solution.  Let  the  equilibrium  constants 
be  shown  in  the  accompan)dng  illustration  and  in  the  succeed- 
ing equations.  Let  H  represent  the  number  of  gram  equiva- 
lents of  hydrogen  ions.     Let 

Ck  Cki 

R—NH  R—N 

1^1         + 
R—CO        K,    R—CO+H 

^3    ll  I  I  I    ^4 

R^N  R—N 

il  ^  II-     + 

R—COH    K^    R—CO+H 

C,  Cei 

Cu  =  Kf,,  (I) 

Cui=K,C^,  (2) 

'^^  =  K,V,  (3) 

and 
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^^^  =  K,V.  (4) 


(5) 


(7> 


From  (2)  and  (3),  by  substitution, 
HXC,i^K,V 

Ck        "k,  ■ 

From  (3)  and  (5),  by  addition, 

HX{Cki+C,d      K,y  K,{i-\^K,)V 

— c, —  ^  k7  +  ^^^  =  — k;—'    ^^> 

From  (i)  and  (6),  by  substitution, 
HX{Cki+Cei)  _  K,(i-^K,)V  ^^ 

K^Ce  K^ 

HX{Cki+C^)  _ K,K^{i-irK,)V 
Ce  K, 

From  (6)  and  (7),  by  inversion  and  addition, 
HX{Cu+Ch)  ^K,K,{i^K,)V  ^ 

(C,+Q  K,(i+K3)  "^  '^^  ^°^ 

Since  K'  does  not  involve  K2,  it  is  evident  that  another 
solution  is  possible.     From  (i)  and  (4),  by  substitution, 
HxCei^K.V 
Ck  Kg 

From  (3)  and  (9),  by  addition, 

HXjCki-hCei)  _  {K,-^K,K,)V 
Ck  K, 

From  (i)  and  (10),  by  substitution, 
HXi.Cki-^C,i) 


i9) 

(io> 

{K,+K,K,)V.  (ii> 


Ce 

From  (10)  and  (11),  by  inversion  and  addition, 
//X(Ch+C,)  _  {K,^K,K,)V  __ 

(Q+Q  (1+K3)  "^  '''  ^'^^ 

From  (8)  and  (12),  by  comparison  and  identity, 
K^{K,±K,KJ)  _  {K^±K,)       K,_K, 

It  is  evident,   then,   that  when  the  molecular  tautomerie 
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forms  are  in  equilibrium,  the  anions  of  the  enol  and  keto  forms 
can  be  in  equilibrium  simultaneously  only  when  the  ratio  of 
the  dissociation  constant  of  the  keto  form,  K^,  to  that  of  the 
enol  form,  K^,  is  equal  to  the  ratio  of  the  equilibrium  constant 
for  the  anions,  K^,  to  that  of  the  molecular  forms,  K^.  The 
fact  that  a  constant  is  obtained  when  the  experimental  data 
are  substituted  in  Ostwald's  dilution  formula,  does  not  in  the 
least  enable  us  to  say  whether  the  equilibrium  of  the  tautomeric 
substance  coresponds  to  I.,  II.,  VI.,  or  IX.  Other  physical- 
chemical  methods  would  be  needed  to  give  decisive  evidence 
regarding  the  real  equihbrium  conditions. 

X.  The  next  case  to  be  considered  is  that  which  arises 
when  both  tautomers  obey  Rudolphi's  dilution  formula  and  the 
other  conditions  are  the  same  as  in  IX.  The  equations  are 
exactly  like  those  in  IX,  with  the  exception  that  Vf  must  be 
substituted  for  V  in  the  equations  developed  under  IX.  From 
(8)  in  IX., 

HX  {Cki-^Cei)  ^  K,(K,-\-K,K,)  VF^     ,  - 


From  (12)  in  IX., 

HXjQ 

{Ck- 

From  (13)  in  IX., 


It  is  clear  that  the  conditions  of  equilibrium  in  X.  are  de- 
pendent upon  the  same  factors  as  in  IX.  The  fact  that  a 
constant  is  obtained  by  substituting  the  experimental  data 
in  Rudolphi's  dilution  equation  does  not  give  us  any  evidence 
as  to  whether  the  equilibrium  corresponds  to  IV.,  V.,  VII., 
or  X.  Other  methods  would  have  to  be  used  to  decide  the 
question. 

XI.  Can  the  molecular  enol  and  keto  forms  be  in  equilib- 
rium while  the  anions  of  the  enol  and  keto  forms  are  in  equilib- 
rium, and  simultaneously  can  one  tautomer  obey  Ostwald's 
dilution  law  and  the  other  Rudolphi's  dilution  formula?     Can 


c,= 

-K,C,, 

Cui- 

K,C^, 

HXCk, 
Ck 

'  =  K^. 

HXC^i 

(5) 
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all  these  conditions  exist    simultaneously?    If   not    all,    how 
many?    If  possible,  let 

(I) 

(2) 

and 

—Q — =^K^<V.  (4) 

From  (2)  and  (3),  by  substitution, 

Ck  K, 

From  (3)  and  (5),  by  addition, 

Ck  -         K,         •  (6) 

From  (i)  and  (6),  by  substitution, 

HXiCki+Cei)  _K,K,(i+K,)V 

C,  -  K,  '  ^7) 

From  (6)  and  (7),  by  inversion  and  addition, 

HX{Cki^-Cer)  _  K,K,{i+KdV  .^. 

As  the  equation  (8)  does  not  involve  K^,  another  solution, 
involving  K^,  is  possible. 

From  (i)  and  (4),  by  substitution, 

HxCei_K^<V 


Ck  K3   ' 

From  (3)  and  (9),  by  addition, 

HX  (Cki-^Cei)  ^  K,K,V-{-K,ylV 
Ck  K, 

From  (i)  and  (10),  by  substitution. 


(9) 


(10) 


HxiCki^-C^)  _  K,K,V+K,<y,  („) 
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From  (10)  and  (11),  by  inversion  and  addition, 
HX{Cui+C,i)  _  K,K,V^K,ylv 


(Ck+C.)  i+K, 


(12) 


It  is  apparent  that  from  equation  (8)  we  should  obtain  a 
constant  by  substituting  the  proper  experimental  data  in 
Ostwald's  dilution  formula,  whereas  from  equation  (12)  it 
seems  that  no  such  constant  can  be  derived.  This  apparent 
contradiction  disappears  upon  closer  inspection  of  the  de- 
velopment of  equations  (8)  and  (12).  In  equation  (8)  the 
factor  K2  does  not  enter;  in  other  words,  no  assumption  is 
made  that  Ce  is  in  equilibrium  with  Cg*  at  all,  much  less  ac- 
cording to  equation  (4).  This  is  a  new  set  of  conditions,  to 
be  added  to  I.,  II.,  VI.,  and  IX.,  under  which  a  constant  can 
be  obtained  from  Ostwald's  dilution  law  with  such  tautomeric 
compounds.  Similarly,  from  equations  (i),  (2)  and  (4)  an- 
other equation,  similar  to  (8),  but  involving  K^  instead  of  X, 
and  VF  instead  of  V,  can  be  developed.     The  equation  is 

These  are  a  new  set  of  equilibrium  conditions,  to  be  added  to 
IV.,  v.,  VII.  and  X.,  under  which  a  constant  can  be  obtained 
from  Rudolphi's  dilution  equation,  with  a  tautomeric  sub- 
stance. 

In  equation  (12)  the  factor  iT^  does  not  enter;  in  other  words, 
no  assumption  is  made  that  the  anions  Q^  and  C^i  are  in  equilib- 
rium. In  equation  (12),  then,  the  conditions  are  exactly  as 
in  section  III.,  and  no  constant  is  obtained.  From  (2),  (3) 
and  (4)  another  equation,  similar  to  (12),  could  be  developed 
in  which  K^  enters  but  K^  does  not.  But  under  these  circum- 
stances no  assumption  is  made  that  Ck  and  Ce  are  in  equilib- 
rium; the  conditions  are  the  same  as  VIII.  and  no  constant 
is  obtained. 

To  state  the  problem  of  XI.  in  other  words,  can  equations 
(8)  and  (12)  hold  simultaneously?  To  solve  the  question  we 
must  equate  (8)  and  (12). 

From  (8)  and  (12),  by  identity  and  comparison, 


24  Acree. 


K,K^V+K,4v  _  K,{K,+K,K,W 


(14) 


From    (14), 

One  of  the  4  factors,  Ki,  K^,  K^  and  K^,  must  be  a  function 
of  the  volume.  They  cannot  all  be  constants.  If  they  were 
constants  we  should  have  the  anomalous  case  of  a  tautomeric 
substance  giving  an  Ostwald  constant,  according  to  equation 
(8);  a  Rudolphi  constant,  according  to  equation  (13);  and  no 
constant  at  all,  according  to  equation  (12).  Such  a  state  of 
affairs  is  manifestly  impossible.  It  is  certain,  then,  that  we 
are  not  allowed  to  make  all  4  assumptions  involved  in  equa- 
tions (i),  (2),  (3)  and  (4).     We  may  make  any  three  of  them. 

If  the  assumption  in  equation  (i)  is  omitted,  the  case  becomes 
like  VIII.  and  no  constant  is  obtained.  If  the  assumption  in 
equation  (2)  is  not  made  the  case  becomes  identical  with  III., 
and  no  constant  is  obtained.  If  the  equation  (3)  is  omitted, 
we  obtain  a  Rudolphi  constant  according  to  equation  (13). 
If  equation  (4)  is  left  out,  we  obtain  an  Ostwald  constant  ac- 
cording to  equation  (8). 

It  has  been  proved,  then,  that  it  is  impossible  to  have  simul- 
taneously, (a)  equilibrium  between  the  molecular  forms  of  the 
tautomers,  (6)  equilibrium  between  the  anions  of  the  two 
tautomers,  and  (c)  one  tautomer  obeying  Ostwald's  dilution 
law  and  the  other  obeying  Rudolphi 's  equation. 

The  data  obtained  by  measuring  the  conductivities  of  sub- 
stances thought  to  be  tautomeric  can  give  us  no  decisive  in- 
formation whether  the  substance  exists  in  only  i  tautomeric 
form  or  in  2  forms.  The  data  do  not  tell  us  whether  the  2 
tautomeric  forms  change  into  each  other  quickly,  or  slowly, 
or  at  all.  If  a  constant  is  obtained  by  substituting  the  proper 
figures  in  Ostwald's  dilution  formula  we  do  not  know  from 
this  fact  alone  whether  there  are  2  tautomeric  forms  or  only 
I ;  if  there  are  2,  we  do  not  know  whether  the  equilibrium  ex- 
ists according  to  I.,  II.,  VI.,  IX.,  or  XI (8).  If  a  Rudolphi 
constant  is  found,  this  fact  does  not  make  it  possible  to  decide 
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whether  there  is  i  tautomer  or  2 ;  if  there  are  2  tautomeric  forms, 
we  do  not  know  whether  the  equilibrium  is  that  of  IV.,  V., 
VIL,  X.  or  XI(i3).  If  no  constant  is  obtained  by  substi- 
tuting the  proper  data  in  either  Ostwald's  or  Rudolphi's 
dilution  formula,  we  still  are  in  doubt  as  to  whether  there  is  i 
tautomer  or  2 ;  if  we  know  from  other  facts  that  there  are  2  tau- 
tomeric forms,  we  still  do  not  know  from  the  conductivity- 
data  whether  the  equilibrium  is  according  to  III.  or  VIII. 
We  must  learn  in  all  cases  whether  there  is  a  change  in  the 
equilibrium  between  the  molecular,  or  ionic,  forms  with  changes 
in  dilution,  changes  in  temperature,  and  changes  in  solvent. 
In  order  to  study  the  problem  of  tautomerism  more  deeply,  a 
combination  of  physical  and  chemical  methods  must  be  used. 
The  physical  methods  will  give  light  on  some  phases  of  the 
equilibrium  and  reaction  phenomena,  whereas  chemical  meth- 
ods will,  in  many  cases,  give  evidence  on  the  other  questions 
to  be  solved.  , 

XII.  All  of  the  equations  used  above  in  considering  the  tau- 
tomeric acids  can  be  used  with  tautomeric  bases.  To  illus- 
trate with  a  familiar  example,  the  amidines  are  weak  bases 
which  react  with  strong  acids  and  form  salts.  It  is  probable 
that  both  nitrogens  have  basic  properties,  the  strength  of  the 
base  corresponding  to  each  depending  upon  the  nature  of  the 
groups  attached  to  that  nitrogen. 

^nc^'"      RC\NR"{NHR')        ^        RC:NR'{NHR") 

i'^'     RG:N{HR'^{OH)\nHR''^    ^    Rd^NtHR"){OHjlNHR')] 

^  III.     -^  "^  IV. 

Wheeler^  has  shown  that  probably  no  amidine  has  been  iso- 
lated in  2  tautomeric  forms,  I.  and  II.  Just  as  an  amidine 
in  solvents  may  then  be  considered  to  be  a  mixture  of  2  forms, 
I.  and  II. ,  in  equilibrium,  so  the  true  bases  corresponding  to  these 
amidines  may  be  considered  to  be  in  molecular  equilibrium  as 
in  Sections  III.  and  IV.  Th^re  are  also  other  tautomeric  pos- 
sibilities besides  III.  and  IV.  which  are  not  considered  here. 

»  This  Journal,  19,  367;  20,  853;    Ber.  d.  chem.  Ges.,  38,  35.      v.  Pechmann: 
Ibid.,  28,  869,  2362,  etc.     Walther:  J.  prakt.  Chem.,  66,  41. 
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But  especially  must  we  recognize  the  substance  having  the 
formula  RC{NHR')(OH)(NHR'')  as  one  of  the  possible  forms 
in  equilibrium  with  all  of  the  other  tautomeric  forms;  this 
substance,  may,  in  fact,  be  an  intermediate  product  in  the 
change  of  III.  into  IV.  The  hydroxyl  would  then  be  consid- 
ered as  moving  between  the  NHR'  group  and  the  NHR''' 
group,  just  as  the  hydrogen  of  the  molecular  enol  and  keto 
forms  of  the  urazoles  moves  from  the  nitrogen  to  the  oxygen 
and  back.  Simultaneous  with  the  shifting  of  the  hydroxyl 
group  there  is  a  change  in  the  position  of  the  double  bond  be- 
tween the  carbon  and  a  nitrogen.  These  bases  III.  and  IV. 
could  ionize  according  to  the  following  equations: 

&:    Rb-W^RpHJmHR^^  Rc[:N\HR^^{NHR''y+OH 
IV.     RC^NiHR'pH^HRI  ^    RC0<[{HR''fNHR'^]\^OH 


The  values  of  K,  K^  and  K2  could  vary  very  greatly,  and  it 
would  take  the  equations  in  Sections  I.  to  V.  to  express  the 
quantitative   tautomeric   relations.     If   the   cathions  V.    and 

VI.  were  in  equiUbrium,  equations  VI.,  VII.  and  VIII.  would 
express  the  quantitative  relations  of  the  tautomers.  The 
salts  corresponding  to  these  bases.  III.,  IV.,  V.  and  VI.,  would 
be  treated  in  the  same  way,  but  these  salts  would  be  more 
highly  ionized. 

Likewise  the  bases  of  the  pararosaniline  series  almost  cer- 
tainly exist  in  2  tautomeric  forms.  Hantzsch  and  Osswald^ 
showed  that  the  colored  strong  base,  VIII. ,  of  hexamethyl- 
pararosaniUne  rearranges  spontaneously  into  the  colorless 
weak  base,  VII.     But  that  there  is  an  equiUbrium  between 

VII.  and  VIII.  in  solution  can  hardly  be  doubted,  because 
the  free  base  gives  deeply  colored  salts,  corresponding  to  VIII. 
and  X.,  when  it  is  treated  with  strong  acids. 

1  Ber.  d.  chem.  Ges.,  33,  278. 


Constitution  of  Phenylurazole.  27 

VII.  VIII. 

[_{CH,),NC,H,\COH  ^  [_{CH,),NC,H,\C:<(         }:N(CH,),OH 


II    , 


If 


[(CH,),NC,H,lC+OH      [{CH,),NC,H^,C :  <  > :  N(CH,),-\-OH 

IX. 

That  the  colored  quinone  base,  VIII.,  is  present  in  only  a 
very  small  amount  in  equilibrium  with  a  large  amount  of 
VII.,  is  shown  by  the  fact  that  solutions  of  pure  hexamethyl- 
pararosaniline  are  practically  colorless.  But  the  carbinol, 
VII.,  gives  only  a  minimum  amount  of  cathions  and  hydroxyl 
ions  (IX.),  whereas  the  ammonium  hydroxide  derivative 
(VIII.)  is  a  much  stronger  base.  It  is  clear,  then,  that  acids 
would  act  practically  only  on  X.  and  not  appreciably  on  IX., 
and  colored  salts  of  X.  would  be  the  chief  product  formed, 
together  with  a  small  amount  of  salt  corresponding  to  IX. 
In  the  change  then  from  the  one  tautomeric  base,  VIII.,  to 
the  more  stable  one,  VII.,  there  is  a  shifting  of  the  hydroxyl 
as  in  the  amidines. 

In  the  same  way,  such  bases  as  amidoazobenzene  and  methyl 
orange^  show  themselves  to  be  tautomeric  bases. 

XI.  XII. 

QH,N:NC,H^NH,OH    ^     QH.NHN: 


If 


C^,N:NC,H,NHs-^OH  C,H,NHN:<'         ^:NH,+OH 

XIII.  XIV. 

The  weak  base,  XL,  exists  in  equilibrium  with  the  strong 
base  XII.  Peculiarly  enough,  the  vibration  of  a  hydrogen 
atom  apparently  causes  the  change  in  basicity.  As  the  amino- 
azobenzene  is  not  deeply  colored,  it  is  probable  that  XII.  is 
present  to  only  a  small  extent  in  equiUbrium  with  a  large 
amount  of  XL,  but  since  the  quinone  salts  are  salts  of  a  fairly 
strong  base,  it  is  evident  that  the  small  amount  of  XII.  present 

'  Julius  Stieglitz:  J.  Am.  Chem.  Soc,  26,  1119. 
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is  highly  ionized  in  comparison  with  XI.  When  a  strong  acid 
is  added,  then,  to  this  solution  a  large  amount  of  the  colored 
quinone  salt  corresponding  to  XII.  and  XIV.  is  formed,  to- 
gether with  a  small  amount  of  the  less  deeply  colored  azo 
salt  XI  and  XIII. 

All  of  the  evidence  at  hand  regarding  these  bases  makes 
it  appear  probable  that  they  exist  in  equilibrium  conditions 
in  solution,  as  illustrated  above.  Although,  in  the  discussion 
above,  it  was  assumed,  for  brevity,  that  the  molecular  forms 
are  in  equilibrium,  the  problem  is  as  complicated  with  these 
tautomeric  bases  as  it  is  with  the  tautomeric  acids.  But  the 
writer  would  like  to  point  out  that  the  evidence  is  very  inade- 
quate and  entirely  insufficient  to  permit  us  to  say  with  cer- 
tainty that  there  is  really  equihbrium  between  a  quinone 
and  a  colorless  complex  either  in  the  free  bases  or  their  salts. 
Furthermore,  there  is  not  sufl5cient  quantitative  evidence  on 
hand  to  enable  us  to  see  clearly  the  mechanism  of  the  reac- 
tions involved  in  the  changes  from  the  colorless  to  the  colored 
substances,  or  vice  versa,  or  to  say  whether  the  changes  are 
molecular  or  ionic,  whether  they  take  place  directly  or  through 
intermediate  stages.  The  ionic  theory  and  the  chromophoric 
theory  have  such  a  hold  upon  us  that  we  attempt  to  interpret 
all  of  the  above  changes  by  means  of  them.  They  may  con- 
tain a  great  deal  of  truth,  but  also  a  great  deal  that  must  ulti- 
mately be  discarded.  What  we  need  is  a  large  amount  of 
quantitative  work  to  help  us  find  the  truth. 

XIII.  In  the  discussion  of  the  equihbrium  conditions  and  af- 
finity constants  of  the  acids,  bases  and  salts  considered  in  I.  to 
XII.,  it  was  assumed  that  the  value  of  i^g  is  attained  practically 
instantaneously,  whatever  the  initial  conditions.  But  if 
during  the  measurement  of  the  affinity  constants  by  conduc- 
tivity methods,  a  rearrangement  of  one  tautomeric  form  into 
another  is  taking  place  slowly,^  the  value  of  the  affinity  con- 
stant will  change  with  time  when  the  afiinity  constants  for 
the  2  tautomeric  forms  are  different.  If  we  consider  the  case 
under  I.,  in  which 

iWislicenus:  Ann.  Chem.  (Liebig),  291,  147;  312,  34.  Dimroth:  Ibid.,  335,  1; 
338,  143.  Hantzsch  and  Schtdtze:  Ber.  d.  Chem.  Ges.,  29,  699,  2251.  Busch  and 
Oppenheimer:    Ibtd.,  37,  2333. 
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Hx{Cki-^Cei)  ^  {K,+K,K,)V __ 

we  see  at  once  that  since  K^  does  not  enter  alike  into  the  numera- 
tor and  denominator  the  value  of  K  will  change  with  change  in 
value  of  K^  and  the  determination  of  the  velocity  of  the  change 
of  K  will  enable  us  to  determine  the  velocity  of  the  change 
of  K^.  But  if  Ki  and  K^  are  equal,  the  numerator  and  de- 
nominator will  both  contain  the  function  i  -f  K^,  and  K  will 
be  independent  of  the  change  of  K^  with  time.  Similar  re- 
marks apply  to  all  of  the  other  cases,  and  these  will  be  dis- 
cussed more  fully  in  a  subsequent  article.  All  of  the  equi- 
librium conditions  may  change  with  change  in  solvent,  tem- 
perature and  other  conditions. 

XIV.  The  hydrolysis  constant  of  a  salt  of  a  tautomeric,  or 
other,  acid  or  base  which  obeys  Ostwald's  dilution  law  is,  ac- 
cording  to  Arrhenius,^    Walker ^  and   Shields,^    Khyd  =  -^^ 

in  which  Khyd  is  the  hydrolysis  constant  of  the  salt,  Ky,  the 
ion  product  of  the  water  at  the  temperature  used,  and  Ka>  the 
affinity  constant  of  the  acid,  formed  by  hydrolysis,  at  the 
moment  the  hydrolysis  is  determined.  It  was  shown  above, 
in  III.,  that  the  affinity  constant,  Ka,  of  a  tautomeric  acid,  both 
of  whose  tautomeric  forms  give  hydrogen  ions  according  to 
Ostwald's  dilution  law,  is  derived  from  the  following  equa- 
tion: 

HX^Cki-^C^)  _  {K,+K,K,)V  _ 
(Cfe+Q       -       (i+K,)  '^^''- 

K.2-\-K^K^   .        ,  .  ,    .     . 

Ka  is  therefore  equivalent  to  .  ^ — ,  m  which  it  is  re- 
called that  iCi  is  the  affinity  constant  of  the  keto  form,  K^  that 
of  the  enol  form,  and  K^  is  the  ratio  of  the  amount  of  keto  to 
enol  form  when  Ka  is  determined. 

The  amount  of  hydrolysis,  or  the  hydrolysis  constant,  of 
such  a  tautomeric  salt  depends  upon  a  large  number  of  factors. 

>  Z.  physik.  Chem.,  6,  1;    13,  407. 

» Ibid.,  4,  319;  38,  137.    J.  Chem.  Soc,  77,  5. 

*  Ibid.,  12,  167. 


30  Acree. 

A  number  of  cases  must  be  considered  in  detail.  The  ques- 
tion as  to  whether  abnormal  hydrolysis  is  possible  depends, 
first,  upon  the  rapidity  with  which  the  value  of  K^  is  estab- 
lished by  the  acid ;  secondly,  upon  the  rapidity  with  which  equi- 
librium is  established  between  the  2  tautomeric  forms  of  the 
salt,  if  the  salt  exists  in  2  forms ;  thirdly,  upon  whether  the 
value  of  K^  is  the  same  for  salt  and  acid.  All  of  the  following 
reasoning  applies  equally  as  well  to  the  salts  of  tautomeric 
bases. 

The  question  as  to  the  conditions  affecting  the  hydrolysis 
of  tautomeric  compounds  is  one  that  has  caused  considerable 
discussion  by  Hantzsch,^  Kauffmann^  and  Zawidzki.' 
Hantzsch  and  Barth  determined  the  hydrolysis  constants  of  a 
number  of  tautomeric  salts  and  from  these  data  calculated  the 
afiinity  constants  of  the  acids.  But  in  nearly  all  cases  the 
affinity  constants  determined  from  the  hydrolysis  measure- 
ments were  much  greater  than  those  determined  directly  from 
the  tautomeric  acids  by  conductivity  or  other  methods. 
Hantzsch  and  Barth  therefore  concluded  that  the  salts  of  the 
acids  have  constitutions  differing  from  those  of  the  free  tau- 
tomeric acids.  In  other  words,  they  believed  that  the  acid 
corresponding  to  the  constitution  of  the  salt  differs  from 
and  is  stronger  than  the  original  acid  from  which  the  salt 
was  made.  The  original  acid  was  therefore  called  a  pseudo 
acid  and  the  salt  was  said  to  have  an  abnormal  hydrolysis 
constant.  Kauffmann  tried  to  show,  by  the  application  of 
the  mass  law,  that  Hantzsch  and  Earth's  results  and  deduc- 
tions are  theoretically  impossible,  and  not  in  harmony  with  the 
original  assumptions  and  concluded  that  abnormal  hydrolysis 
is  yet  to  be  explained.  Zawidzki  tried  to  show  that  Hantzsch 
is  correct  and  that  the  ratio  between  the  enol  and  keto  forms 
in  the  acid  can  be  determined  from  the  data  obtained  by 
Hantzsch  and  Barth.  As  Kauffmann^  has  pointed  out,  how- 
ever, Zawidzki  made  a  mistake  in  his  equations.  Euler^  has 
recently  called  Hantzsch's  results  into  question. 

1  Ber.  d.  chem.  Ges.,  36,  210;  39,  2098. 

2  Z.  physik.  Chem.,  47,  618. 

»  Ber.  d.  chem.  Ges..  37,  2298. 
■•  Ber.  d.  chem.  Ges.,  37,  2468. 
6  Ibid.,  39.  1607,2265. 
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The  above  authors  assumed  that  the  constant  of  hydrolysis 
of  a  salt  of  a  tautomeric  acid  which  obeys  Ostwald's  dilution 

law    is  K^ya^j^-,  in  which  K^y^^  is  the  hydrolysis  constant 

of  the  salt,  K^  the  ion  product  of  water  at  the  temperature 
used,  and  K^'  the  afiinity  constant  of  the  acid,  formed  by  hy- 
drolysis, at  the  moment  the  hydrolysis  is  measured.  They 
assumed  that  we  have  equilibrium  between  Cg  and  Q,  or  that 
K^  is  constant  when  K^  is  measured.  The  question  of  the 
abnormal  hydrolysis  of  the  salt  depends  upon  the  value  of 
Ka>  for  the  acid  liberated  by  hydrolysis,  and  this  value  of  K^i 
depends  upon  the  value  of  K^  at  the  time  the  hydrolysis  is 
determined.  They  assumed  that  if  K^  is  the  same  in  the  acid 
Uberated  by  hydrolysis  as  in  the  tautomeric  acid  whose  affinity 
constant,  K^,  is  determined  by  conductivity  or  saponifica- 
tion methods  there  can  be  no  abnormal  hydrolysis.  Let  us 
now  study  this  question  of  hydrolysis. 

XV.  One  of  the  most  important  questions  connected  with 
tautomerism  is  that  of  the  constitution  of  the  salt  or  salts 
derived  from  a  tautomeric  acid  or  base.  Are  2  tautomeric 
salts  formed  from  the  acid  in  solution,  or  only  one?  If  2, 
what  is  the  ratio  of  the  concentration  of  the  anions  of  the  2  salts 
in  comparison  with  the  ratio  of  the  concentrations  of  the 
anions  in  a  solution  of  the  acid  alone?  Does  the  ratio  of  the 
concentrations  of  the  undissociated  portions  of  the  2  salts 
differ  from  that  for  the  acid,  and  does  it  change  with  change 
in  time,  in  temperature,  in  solvent  and  change  in  the  cathions, 
or  change  in  salts?  It  may  be  stated  again  that  much  quan- 
titative evidence  is  now  at  hand  which  proves  that  when  2 
tautomeric  forms  of  an  acid  in  constant  equiUbrium  are  neu- 
tralized by  a  base  there  are  generally  2  tautomeric  salts  formed 
in  constant  equiUbrium.^  The  ratio  of  the  undissociated  keto 
and  enol  form  varies  with  the  salts,  apparently  somewhat 
with  the  solvents;  although  no  variation  with  temperature  or 
time  generally  occurs  this  may  happen  in  some  cases.  ^ 

What  changes  take  place  when  a  tautomeric  acid  is  being 

^  Acree:  This  Journal.,  37,  71. 

2  WisUcenus:  Ann.  Chem.  (Liebig),  291,  204,  211 ;  312,  40. 
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neutralized  with  a  base  and  all  equilibrium  conditions  are 
established  practically  instantaneously?  If  we  represent 
graphically  the  equiUbrium  for  the  acid  and  assume  a  case  that 

—NH  — iv 

-co  —CO-\-H 


k4] 


—N  —N 


—COH   ^^  —CO-^H 

Ce  K2  Cei 

has  been  proved  experimentally,  namely,  that 
HxCu 


Ck 


K,V,  (I) 


and 


^^^K,V,  (.) 


C  K.  K 
Ck  =  K^Ce ;  consequently,  Cki  =    '"^'    ^  (3) 

It  follows  that 

Hx(Ckr-\-C,,)  _  {K,+K,K,)  _ 

{Ck+O      -      (1+K3)     -'^'^^-  ^4) 

When  a  small  portion  of  the  base  is  added,  the  2  tautomeric 
salts,  that  is  the  ions  corresponding,  are  formed  in  the  ratio 

of  equation  (3),  Cki=—^ • 

Since  the  2  tautomeric  salts  are  dissociated  to  about  the  same 
extent,  the  ratio  of  the  amount  of  molecular  keto  salt,  formed 
from  its  ions,  to  that  of  the  molecular  enol  salt  is  much  less 
than  K^.  There  is  a  further  physical-chemical  reason,  with 
many  chemical  examples,  for  thinking  that  the  ratio  K'^  for 
the  salt  is  less  than  K^  for  the  acid.  The  sodium  has  the  nega- 
tive nitrogen  of  the 
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— NC:0  or— N: CO 

I  I 

group  attracting  it;  but  the  more  negative  oxygen  exerts  a 
greater  attraction,  and  hence,  other  factors  not  being  con- 
sidered, a  greater  portion  of  the  undissociated  salt  has  the  enol 
form.  It  will  be  recalled  that  Hantzsch^  showed  that  phenyl- 
nitromethane  dissolves  in  alkalies  and  forms  much 

C6H5CH:N(0)ONa 
and  a  small  amount  of 

CeH^CHNaNO^. 
In   general,   the   work   of   Hantzsch,^  WisUcenus,^    Dimroth* 
and  of  Acree^  have  shown  that  when  a  keto  derivative  is  treated 
with  an  alkali  the  salt  formed  exists  mostly  as  an  enol  form; 
K's  is,  therefore,  generally  less  than  K^. 

The  2  salts  formed  have  new  equilibrium  conditions  peculiar 
to  themselves,  which  must  be  represented  as  follows:  C^^, 
Q5.  ^kisy  ^^^  ^eis  represent  the  number  of  gram  molecules, 
or  ion  equivalents,  of  the  keto  salt,  enol  salt  and  their  anions, 
respectively,  in  the  volume  V. 


—NNa 

1 
—CO 

^ 

-N        + 

1      +Na 
—CO 

^'AV'' 

K\ 

Curs 

—N 
—CONa 

-N       + 

li     -\-Na 
—CO 

C^s 

K\ 

C^is 

A  new  set  of  equations,  similar  to  those  for  the  acid,  but 
having  different  values  for  the  constants,  express  these  rela- 

»  Ber.  d.  chem.  Ges.,  29,  699,  2251.     See  also  Hollemann:  Rec.  Trav.  chim.,  14, 
129.     Acree:  This  Journal,  37,  71. 

2  Ber.  d.  chem.  Ges.,  32,  634,  1723,  3066,  3089,  3101,  3132,  3137;     36,  226,   1001; 
38,  1005;    39,  1073,  1084,  2098. 

3  Ann.  Chem.  (Liebig),  291,  147;  312,  34,     Ahren's  Sammlung,  2,  !87. 
*  Ann   Chem.  (Liebig),  336,  1;  338,  143. 

«  This  Journal,  27,  118;  31,  185;  32,  606;  37,  71,  361.     Ber.  d.  chem.  Ges.,  36, 
553;  36,3139;  37,  184,618. 
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tions.  We  shall  here  consider  only  one  in  which  K\  is  constant, 
which  is  usually  true  with  the  alkali  salts  of  the  tautomeric 
compounds  studied  up  to  this  time.     Let 

NaXCkis 

Cks        ' 

NaXC,is 


and 


C 


Cks  =  K\  Ces ;  consequently,  Ck 


K\V, 

(5) 

K\V, 

(6) 

ly,  Cku 

(7) 

K's  may  in  some  cases  be  equal  to  K^,  but  will  generally  be 
much  smaller.  In  alkali  salts,  K\  and  K\  will  have  a  value 
not  far  from  unity,  since  alkali  salts,  even  of  weak  acids,  are 
highly  ionized.     Q,:C„-  changes   in   ratio,   with  increase  of 

K  K        K'  K' 
sodiimi  hydroxide  added  from  -~-^  to  —~^. 

i^2  -^   2 

Now  let  us  examine  the  equilibrium  conditions  of  the  solu- 
tion when  exactly  the  equivalent  amount  of  sodium  hydrox- 
ide, or  other  base,  has  been  added  to  the  tautomeric  acid. 
The  solution  now  contains  the  2  tautomeric  salts  whose  rela- 
tions are  expressed  by  (5),  (6)  and  (7).  But  since  the  tau- 
tomeric acids  are  weak,  some  hydrolysis  of  the  salts  is  neces- 
sary and  there  is  present  a  small  amount  of  the  2  tautomeric 
acids,  very  Uttle  dissociated,  which  obey  the  requirements  of 
(i),  (2),  (3),  (5),  (6),  and  (7).  There  is  present  also  the  equiva- 
lent amount  of  sodium  hydroxide,  nearly  completely  ionized. 

What  will  be  the  affinity  constant  of  the  small  amount  of 
tautomeric  acid  under  these  conditions?  According  to  (i), 
(2)  and  (3), 

HxCur__K,K",V 

Ck+Ce        i+K\'  ^^^ 

in  which  K'^g  is  the  ratio  of  the  amount  of  the  keto  form  to 
that  of  the  enol  form  of  the  undissociated  acid  present  with 
the  salt. 

The  further  discussion  now  depends  upon  the  method  of 
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obtaining  the  ratio  between  the  2  anions,  Q/  and  Q,-.  We 
could  attempt  to  get  this  ratio  from  (i),  (2)  and  (3)  and  from 
(5)}  (6)  and  (7),  whereby  we  should  have 

Chi K1K3 K  iK'^ 

Cei         K2  K  2 

which  would  give  us  relations  concerning  the  values  of  the 
constants.     This  ratio 

held  for  the  solution  of  the  acid  alone,  when  all  of  the  ions 
came  from  the  acid.  This  followed  from  the  3  assumptions 
in  (i),  (2)  and  (3).  But  since  the  values  in  (i),  (2)  and  (3) 
are  now  vanishing,  it  seems  that  we  should  consider  the  ions  as 
coming  practically  wholly  from  the  2  tautomeric  salts.  But 
new  relations  hold  for  the  ratio  of  the  ions  from  the  salts.  It 
follows  from  (5),  (6)  and  (7)  that 

c;,-~kV  ^^^ 

and  from  (8)  and  (9),  by  substitution,  that 

HxC,i  ^     K'2K,K%V 

Ck  +  C,       K\K\{i+k\y  ^'°) 

From  (8)  and  (10),  by  addition,  it  follows  that 

HX  {Cui  +  C^)  _  KJ<.\{K\K\+K'2)V  _  ..  „     ,    . 

But  from  (i),  (2)  and  (3),  for  the  free  acid, 
HX  (C^  +  Q)  _  {K2^K^K^)V 


KaV.  (12) 


The  affinity  constant  of  the  acid  formed  by  hydrolysis  of  a 
tautomeric  salt  may  be  greater  than,  equal  to,  or  less  than 
that  of  the  free  acid. 

But  Kl^y^  =  j^ ,  in  which  K^^^  is  the  hydrolysis  constant 

for  the  salt,  K^  the  ion  product  for  water  at  the  temperature 
and  Ka'  the  affinity  constant  of  the  acid  present  in  the  solu- 
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tion.  If  we  now  examine  K^  in  (12),  and  we  remember  that 
in  most  tautomeric  compounds  studied  up  to  this  time  K^  is 
large,  while  K^  and  K^  are  small,  we  see  that  K^  is  small. 
But  K^,  in  (11)  becomes  practically 

K,(K\+K,'K,') 

when  K'\  is  large  and  practically  equal  to  K'\-^\.  Since 
the  denominator  involves  K\,  the  aJSinity  constant  for  a  salt 
which  is  around  unity,  and  K\,  which  all  experimental  evidence 
leads  us  to  believe  to  be  generally  much  smaller  than  K^,  we 
see  that  K^,  is  probably  generally  larger  than  K^.     When  K^,  is 

larger  than  K^  the  hydrolysis  constant,  i^^y^  ^^  ^~/  is  smaller 

IV- 

than  -TT^  calculated  for  the  free  acid  with  the  affinity  constant 

K^.  This  then  accounts  for  the  abnormal  hydrolysis  reported 
by  Hantzsch,^  and  for  which  no  explanation  was  forthcoming 
up  to  this  time.  When,  however,  the  value  of  Kg,  is  near  that 
of  Ka  the  experimental  methods  used  by  Shields,^  Walker* 
and  Koelichen*  are  not  sufficiently  accurate  to  enable  us  to 
determine  that  the  value  of  K^,  is  essentially  different  from 
that  of  Ka-  In  other  words,  the  tautomeric  salt  will  show 
practically  a  normal  hydrolysis. 

When  K^,  becomes  very  much  smaller  than  K^,  Kf^y^  becomes 

larger  than  that  calculated  from  -^  and  the  salt  shows  an  ab- 

■"■a 

normally  large  hydrolysis. 

The  following  example  will  illustrate  the  conditions  under 
which  the  hydrolysis  of  a  salt  of  a  tautomeric  acid  may  be  ab- 
normally low.  Suppose  that  K^  for  the  acid  (see  Section  I.) 
is  100,  while  K2  is  equal  to  100  K^.     Then  from  I.,  6, 

Cki  __  looi^i  ^  ^ 

Cei         lOoKi 

1  Ber.  d   chem.  Ges.,  35,  210. 

?  Z.  physik.  Chem.,  12,  167. 

«  Ibid.,  4,  319;  32,  137.     J.  Chem.  Soc,  77,  5. 

*  Z.  physik.  Chem.,  33,  129. 
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If  in  the  tautomeric  salts  K'^  is  Vio.  since  K\  and  K'^  for  such 
salts  are  nearly  alike  and  around  the  value  i,  ^r-  =  Vio 
for  the  salts.     K^  for  the  acid  is  then 

K,+K,K,_20oK,_ 
i+K,     ~    loi    ~^    '' 

Ka>  for  the  acids  formed  by  hydrolysis  of  the  salts,  since  prac- 
tically all  of  the  ions  come  from  the  salts,  is  (XV.,  11)  iiKi, 
or  about  5  times  as  large  as  K^.     It  is,  therefore,    evident 

that   the   hydrolysis   constant,  j^,   for   the   tautomeric   salt 

is  one-fifth  as  large  as  that  calculated  from  -^  for  the  acid. 

We  can  also  calculate  the  value  of  K^'^  for  the  acid  in  the  pres- 
ence of  the  salt.  K^  is  at  first  100.  If  we  take  F  =  i,  and 
call  H  the  concentration  of  the  hydrogen  ions, 


and 


C.--^-.  (14) 

But  C«=  loCki'     Then  from  (13), 

_HXioCki_HXCki  .     ^ 

^'~     looK,    ~   loK,-  ^'5) 

Ck 
Then  from   (14)   and   (15),   by  division,   ^  =  10   instead  of 

100.  In  other  words,  the  change  of  a  tautomeric  acid,  the  2 
forms  of  which  give  hydrogen  ions,  into  the  tautomeric  salts 
causes  a  change  in  the  value  of  K^  for  the  acid  present  with 
the  salt,  provided  K\  is  different  from  K^. 

XVI.  Suppose,  however,  that  only  i  tautomeric  salt  is 
formed  from  a  tautomeric  acid,  only  i  tautomeric  form  of 
which  gives  hydrogen  ions.  Assuming  that  all  equilibrium 
changes  in  the  salt  and  acid  take   place   practically  instanta- 
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neously,  will  the  hydrolysis  of  this  salt  in  aqueous  solution  be 
normal  or  abnormal?  This  one  case  has  already  been  consid- 
ered by  Hantzsch,  Kauffmann,  Euler  and  Zawidzki.  Hantzsch 
decided  that  the  hydrolysis  can  be  abnormal,  but  Kaufifmann 
showed  by  the  application  of  the  mass  law  that  the  hydrolysis 
should  be  perfectly  normal.  Suppose  that  the  sodium  salt 
in  the  solid  state  has  the  enol  form.  When  it  is  dissolved  in 
water,  it  is  at  once  partly  hydrolyzed  into  sodium  hydroxide^ 
nearly  completely  ionized,  and  the  enol  tautomeric  acid. 
The  extent  of  the  hydrolysis  at  this  stage  is  dependent  simply 
upon  the  value  of  the  affinity  constant  K2  for  the  enol  acid, 

and  is  obtained  from  Xaw=^-     But  the  enol  acid  liberated 

immediately  begins  to  rearrange  into  the  keto  form.  If  the 
keto  form  is  not  an  acid,  hydrogen  ions  disappear  and  the  hy- 
drolysis of  the  sodium  salt  becomes  greater  until  the  equilib- 
rium is  finally  established.  The  hydrogen  and  hydroxyl 
ions  come  from  the  water.  These  changes,  by  assumption, 
take  place  too  quickly  to  be  experimentally  measured.  But 
if  the  rearrangement  of  the  enol  acid,  librated  by  hydrolysis 
of  the  salt,  were  to  take  place  very  slowly  the  hydrolysis  of 
the  salt  would  at  first  be  measurably  abnormally  small,  and 
would  approach  its  normal  value  hand  in  hand  with  the  change 
of  the  enol  acid  into  the  keto  form.  As  Kauffmann  has  al- 
ready applied  the  mass  law  to  the  solution  of  this  problem, 
this  will  not  be  done  here. 

XVII.  Suppose  that  the  free  tautomeric  acid  exists  in  solu- 
tion in  2  tautomeric  forms,  which  give  ions,  and  suppose  that 
Ki  for  the  keto  acid  is  small  in  comparison  with  K2  for  the  enol 
acid.  Suppose  that  the  salt  can  be  isolated  in  the  solid  state 
as  only  enol  salt  which  does  not  rearrange  per  se  to  keto  salt 
or  does  so  only  very  slowly.  The  moment  the  salt  is  dissolved 
in  water,  the  acid  liberated  by  hydrolysis  is  enol  acid  with 
the  affinity  constant  K^,  and  the  hydrolysis  constant  of  the 
salt  is  small  and  can  be  calculated  from  K^-  But  immediately 
after  the  enol  acid  is  liberated  it  rearranges  partly  into  the 
keto  acid  with  the  affinity  constant  K^,  and  hydrogen  ions  dis- 
appear.    The  hydrogen  ions  formed  by  the  ionization  of  this 
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keto  acid  are  then  neutralized  by  the  hydroxyl  ions  present 
and  some  keto  salt  and  its  ions  are  formed.  These  processes 
then  continue  until  the  enol  salt  is  changed  to  some  extent, 
nto  keto  salt,  and  the  tautomeric  acid  existing  as  hydrolysis 
product,  practically  undissociated,  has  reached  the  equilib- 
rium condition,  and  the  ion  product  for  water  is  estabUshed. 
[n  this  case,  then,  there  will  be  an  increase  in  the  hydrolysis 

K.         K 
constant  from  ^  to  jy^,  in  which  K^,  represents  the  afiinity 

:onstant  of  the  acid  present  when  equilibrium   is   finally  es- 

;ablished.     When    these    changes    take    place    within    a    few 

leconds  the  change  in  hydrolysis  will  be  too  rapid  to  admit 

)f  measurement,  but  when  the  changes  take  place  slowly  the 

eaction  can  be  studied  quantitatively. 

If  the  salt  is  isolated  as  the  keto  salt,  and  is  dissolved  in 

vater,  the  acid  liberated  by  hydrolysis  is  the  keto  acid  with 

he  affinity  constant  Ky     The  hydrolysis  constant  for  this 

ialt  is  much  larger  than  that  for  the  enol  salt  and  also  larger 

han  that  for  the  tautomeric  salts  when  equilibrium  is  estab- 

ished.     The   keto   acid   liberated   at   once    rearranges   partly 

nto  enol  acid.     The  hydrogen  ions  from  this  are  neutralized 

)y  the  hydroxyl  ions  present  and  some  enol  salt  is  formed. 

rhese  processes  continue,  as  discussed  in  the  preceding  case, 

ill  the  same  equilibrium  is  estabhshed  as  is  formed  in  the  pre- 

:eding  case,  and  the  hydrolysis  constant  is  lowered  from  the 

K  K 

^ahie  -TT-  to  T?— .     When  the  keto  salt  is  first  dissolved,  it 

hows  an  abnormally  high  hydrolysis  constant,  which,  ac- 
lording  to  the  hypothesis,  is  lowered  to  the  normal  value  for 
he  tautomeric  acid  too  quickly  to  permit  of  measurement, 
f  the  processes  were  to  take  place  slowly,  however,  the  change 
n  hydrolysis  constant  could  be  easily  measured. 

The  change  of  the  enol  salt  into  the  keto  form,  and  vice 
'ersa,  may  take  place  not  only  through  intermediate  hydroly- 
is  and  rearrangement  of  the  liberated  acid,  as  discussed  above, 
)ut  may  do  so  directly  by  the  change  of  one  undissociated 
orm  of  the  salt  into  the  other.     Acree^  has  shown  that  in  cer- 

>  This  Jouknal.  37,  71. 
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tain  urazole  salts  the  undissociated  portion  of  the  keto  salt  is 
in  equilibrium  with  the  non-ionized  enol  form.  The  anions  are 
not  in  equilibrium.  The  2  urazole  salts  change  into  each  other 
practically  instantaneously.  In  other  cases  it  may  be  found 
that  the  change  is  very  slow^  under  certain  conditions  of  sol- 
vent and  temperature,  and  in  still  other  cases  it  may  be  found 
that  the  anions  are  in  equiHbrium. 

If  the  tautomeric  salts  were  obtained  as  a  mixture  of  keto 
and  enol  salts  in  a  ratio  necessary  to  give  equiUbrium  for  the 
salt  when  it  is  dissolved,  then  no  change  in  hydrolysis  would 
take  place  with  time  after  the  solution  is  made.  The  salt 
would  at  once  give  the  normal  hydrolysis  constant  peculiar 
to  itself. 

But  if  the  ratio  of  the  2  forms  of  the  salt  in  the  soUd  state 
is  dififerent  from  that  which  they  must  have  to  give  equiUb- 
rium at  once,  there  will  be  a  change  in  the  hydrolysis  of  the 
salt  after  it  is  dissolved,  and  a  simultaneous  change  in  the  ratio 
of  the  2  salts.  This  is  well  illustrated  by  the  example  of  the 
a-  and  /?-copper  salts  of  ethyl  formylphenylacetate,  both  of 
which  can  be  isolated  and  changed  into  each  other  slowly. 

XVIII.  There  will  be  abnormal  hydrolysis  when  a  molecu- 
lar quantity  of  sodium  hydroxide  is  added  to  a  solution  of  a 
tautomeric  acid,  the  2  forms  of  which  have  different  affinity 
constants  and  change  very  slowly  into  each  other  under  the 
conditions  of  the  experiment,  provided  that  the  2  tautomeric 
forms  of  the  acid  are  not  already  present  in  the  ratio  necessary 
for  the  equilibrium  of  the  system.  This  is  well  illustrated  by 
2  examples  worked  out  by  Dimroth  and  Hantzsch  and  Pilat. 

Dimroth^  found  that  when  the  keto  form  of  methyl  phenyl- 
i,2,3-triazole-5-oxy-4-carboxylate  in  water  is  treated  with  a 
molecular  quantity  of  sodium  hydroxide  the  alkaU  is  neutral- 
ized only  very  slowly  as  the  weak  keto  acid  changes  into  the 
strong  enol  acid.  At  first  there  is  abnormally  high  hydrolysis 
which  gradually  becomes  normal.  But  if  some  organic  solvent 
is  added  in  which  the  keto  form  rearranges  much  more  rapidly, 
the  abnormal  hydrolysis  becomes  normal  so  quickly  that  the 
velocity  can  hardly  be  measured. 

»  Wislicenus:  Ann.  Chem.  (JLiebig),  291,  204,  211;  »12,  40. 
2  Ann.  Chem.  (Liebig),  386,  1 ;  338,  143. 
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Hantzsch  and  Pilat^  found  that  a  solution  of  secondary 
sodium  cyanurate  and  a  molecular  quantity  of  sodium  hy- 
droxide contains  much  free  alkali.  But  if  the  solution  is 
heated,  tertiary  sodium  cyanurate  is  formed  on  account  of 
the  rearrangement  of  the  weak  keto  acid  into  the  strong  enol 
form  at  the  higher  temperature. 

Hantzsch  and  Shultze^  found  that  phenylnitromethane 
dissolves  very  slowly  in  carbonates,  the  reaction  depending 
upon  the  rearrangement  of  the  neutral  phenylnitromethane 
into  the  acid  iso  form. 

These  experiments  illustrate,  in  the  clearest  way,  that  in 
determining  whether  a  salt  shows  abnormal  hydrolysis  it  must 
certainly  be  known  (i)  that  equilibrium  has  been  established 
in  the  solution  of  the  tautomeric  salt  or  salts  when  the  hy- 
drolysis is  measured,  (2)  that  equilibrium  has  been  estab- 
lished in  the  solution  of  the  tautomeric  acid  when  its  afl&nity 
constant  is  measured,  and  (3)  that  all  the  conditions  of  tem- 
perature, solvent,  etc.,  are  the  same  in  (i)  and  (2).  If  the  con- 
ditions in  (i),  (2)  and  (3)  are  not  observed,  an  apparent  abnor- 
mal hydrolysis  might  easily  be  found. 

Phenylurazole  and  i-phenyl-3-thiourazole  are  moderately 
strong  acids.  Bdth  color  Htmus  red,  and  with  ferric  chloride 
they  give  colored  salts.  Mr.  Shadinger  has  proved  that  the 
2, 3 (enol) -amide  group  of  phenylurazole  has  an  affinity  constant 
K  =  00000 1,  whereas  the  4, 5 (keto) -amide  group  has  a  con- 
stant K  =  000000005;  in  other  words,  the  2,3-amide  group 
has  an  affinity  constant  200  times  as  large  as  that  of  the  4,5- 
amide  group.  It  was,  of  course,  to  be  expected  that  the  enol 
group  would  be  a  much  stronger  acid  than  the  4,5-keto-amido 
group,  and  this  confirmation  of  the  former  results  obtained  by 
purely  chemical  means,  by  those  now  obtained  by  physico- 
organic  methods  is  very  satisfactory.  The  2,3-amide  group 
is  the  one  first  attacked  when  phenylurazole  is  alkylated  or 
acylated,  and,  in  general,  seems  to  be  more  reactive  than  the 
4,5-aniide  group.  Although  both  of  these  urazoles  have  2 
hydrogen  atoms  that,  under  the  proper  conditions,  can  be  re- 

>  Ber.  d.  chem.  Ges.,  38,  1005.     Dissertation,  Leipzig,  1905. 
»  Ber.  d.  chem.  Ges.,  29,  699,  2251. 


42  Acree. 

placed  by  metals,  or  by  alkyl  or  acyl  groups,  yet  these  ura- 
zoles  titrate  nearly  quantitatively  as  monobasic  acids  when 
treated  with  standard  alkali  in  the  presence  of  phenolphthalein. 
Even  when  we  use  Poirier's  Blue,  which  is  extremely  sensi- 
tive to  hydrogen  ions,  no  evidence  of  a  second  hydrogen  ion 
in  these  2  urazoles  is  obtained.  When,  however,  the  first 
hydrogen  ion  of  phenylurazole  or  i-phenyl-3-thiourazole  is 
replaced  by  an  alkyl  group,  the  resulting  urazole  shows  decid- 
edly acid  properties.     When  i-phenyl-3-methoxyurazole, 


C,H,N—N  C,H,N—N 

I       II  I       II 

OC     CSH  OC     COCH. 


NH  NH 

XV.  XVI, 

C,H,N—NCH,  C^H^N—N 

II  I       II 

OC     CO  OC     CSCH^ 

\/  \/ 

NH  NH 

XVII.  XVIII, 

XVI.,  i-phenyl-2-methylurazole,  XVII.,  or  i-phenyl-3-thio- 
methylurazole,  XVIII. ,  is  treated  with  o.  i  N  alkali  in  the  presence 
of  phenolphthalein,  approximately  0.95  molecular  quantity 
of  alkali  can  be  added  before  the  red  color  appears. 

It  is  clear,  then,  that  these  urazoles  ionize  in  steps,  just  as 
many  other  dibasic  acids  do.  When  phenylurazole  is  dissolved 
in  water  it  ionizes  chiefly  according  to  XIX.  and  very  little  ac- 
cording to  XX.,  XXI.,  XXII.,  etc.,  as  will  be  discussed  later. 


C,H,N-N  C,H,N~N 


OC     CO+H 

\/ 
NH 

OC     CO+H 

XIX. 

XX. 
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C,H,N-N  C,H,N-N 

I       II-     +  _|       ||_    +      + 

OC     CO+H  OC     CO+H-\-H 

\/        +  ^/ 

N       -\-H  N 

XXI.  XXII. 

So  when  phenylurazole  is  titrated  with  i  molecule  of  alkali 
the  salt  XXIII.  is  formed  nearly  to  the  exclusion  of  the  other 
possible  tautomeric  salts.     As  has  been  pointed  out  by  Noyes^ 

C,H,N-N        ^^      C,H,N-N  _^  C,H,N-N 

I      II  ^  I       ||_    +     ^  I       II-    + 

OC     CONa  OC     CO+Na  OC     CO-\-Na 

\/  \/  \/         + 

NH  NH  N       +H 

XXIII.  XXIV.  XXV. 

and  by  Ostwald,^  the  salt  XXIII.  should  be  a  very  much  weaker 
acid  than  the  similarly  constituted  methyl  derivative  XVI. 
As  a  result,  the  methyl  derivative  titrates  against  0.95  mole- 
cule alkali  before  it  shares  the  alkali  perceptibly  with  the 
phenolphthalein.  The  sodium  salt,  XXIII.,  is  a  very  weak 
acid  and  gives  very  few  hydrogen  ions  according  to  XXV., 
and  it  shares  the  alkali  so  largely  with  the  phenolphthalein 
that  I  drop  excess  of  o.  i  N  alkali  colors  a  solution  of  the  sodium 
salt,  XXIV.,  and  phenolphthalein  red. 

Solutions  of  the  alkali  salts  of  phenylurazole,  or  of  any  of 
its  alkyl  derivatives,  or  of  any  i-phenyl-3-thioalkylurazoles, 
XVIII.,  color  methyl  orange  brown,  and  the  metal  in  these  solu- 
tions can  be  estimated  practically  quantitatively  by  titra- 
tion with  standard  hydrochloric  acid.  Phenyl-3-thiourazole 
colors  methyl  orange  red  and  the  salts  cannot  be  analyzed 
by  the  above  method. 

In  fact,  we  can  calculate  approximately  the  amount  of  sup- 
pression of  ionization  exerted  upon  the  4,5-amide  group  of 
phenylurazole  by  the  2,3-amide  group  or  its  sodium  salt.     We 

»  Z.  physik.  Chem.,  11,  495 ;  13,  417.     Trevor:  Ibid.,  10,  321 . 
2  Ibid.,  3,  369. 
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have  proved,  from  theoretical  grounds  and  by  experiment, 
that  weak  tautomeric  acids,  such  as  the  4,5-amide  group,  obey 
Ostwald's  dilution  law  and  that  equation  (i)  expresses  the 
equilibrium  between  the  molecular  (keto  and  enol)  forms  of 
the  4,5-amide  group  and  their  ions. 

H  represents  the  number  of  gram  equivalents  of  the  hy- 
drogen ions,  Ui  the  number  of  gram  equivalents  of  the  (keto 
and  enol)  urazole  ions,  U^  the  number  of  gram  molecules  of 
the  (keto  and  enol)  urazole  molecules,  V  the  volume,  and  K 
a  constant.  It  follows  then  that  in  a  solution  of  phenylura- 
zole,  in  which  the  2,3-amide  group  suppresses  the  ionization 
of  the  4,5-amide  group,  the  condition  of  equilibrium  of  the 
4,5-group  is  to  be  expressed  by  the  equation  (2). 

(H'-y)iU.-y)  _ 

(U^+y)V     -^'  ^'^ 

in  which  H'  now  represents  the  total  number  of  gram  equiva- 
lents of  the  hydrogen  ions  from  both  the  2,3-  and  the  4,5- 
amide  groups,  y  the  number  of  gram  equivalents  of  the  4,5- 
urazole  ions  and  its  equivalent  of  hydrogen  ions  which  have 
been  changed  to  the  molecular  form  in  the  suppression  of  the 
ionization  of  the  4,5-amide  group.  From  the  experimental 
data  worked  out  by  Mr.  Shadinger  it  is  possible  to  solve  the 
above  equations.  When  V  equals  1024  Uters  the  2,3-aniide 
group  of  phenylurazole  is  almost  exactly  10  per  cent  dissocia- 
ted, and  the  4,5-amide  group,  when  not  influenced  by  the  2,3- 
amide  group,  is  0.7  per  cent  dissociated,  or  gives  1/14  as  much 
hydrogen  ions  per  gram  molecule.  In  equation  (i)  the  values 
of  H  and  U,-  are  the  same.  The  value  of  H'  in  equation  (2) 
is  evidently  15H,  U^  is  the  same  as  in  (i)  or  is  (H),  U„  is  (i — H) 
in  both  (i)  and  (2)  and  equation  (2)  assumes  the  form  (3), 

ii5H-y)iH-y)^ 

ii-H+y)  "^^^  ^^^ 

Since  the  denominator  is  practically  unity,  it  follows  that  the 
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value  of  H — j  must  become  approximately  H/15.  In  other 
words,  the  ionization  of  the  4,5-amide  group  is  suppressed 
by  the  2, 3 -amide  group  to  1/15  its  normal  amount.  Since 
normally  the  4,5-amide  group  gives  only  1/14  as  much  hy- 
drogen ions  as  the  2,3-amide  group,  it  is  evident  that  in  a 
o.ooi  N  solution  of  phenylurazole  the  2,3-amide  group  gives 
approximately  210  times  as  much  hydrogen  ions  as  the  4,5- 
amide  group.  This  discussion,  of  course,  does  not  take  into 
consideration  the  slight  suppression  of  the  ionization  of  the 
2,3-amide  group  by  the  weakly  acid  4,5-amide  group.  That 
practically  all  of  the  hydrogen  ions  come  from  the  2,3-amide 
groups  of  phenylurazole  and  phenyl-3-thiourazole  is  made 
further  evident  by  the  fact  that  Mr.  Shadinger  has  shown 
that  i-phenyl-4-methylurazole  has  practically  the  same  afiQnity 
constant  as  phenylurazole,  and  i-phenyl-4-methyl-3-thioura- 
zole  is  as  strong  an  acid  as  phenyl-3-thiourazole.  When  a  solu- 
tion of  phenylurazole  is  titrated  with  a  molecular  quantity  of 
alkali,  approximately  99. 5  per  cent  of  the  alkaU  is  used  up  in 
neutraUzing  the  2,3-amide  group  and  05  per  cent  in  neutral- 
izing the  4,5-amide  group.  We  are,  therefore,  justified,  for 
purposes  of  ordinary  discussion,  in  speaking  of  the  monoalkali 
salts  as  having  the  constitution  XXIII. 

It  follows,  then,  that  the  4,5-amide  group  in  sodium  phenyl- 
urazole must  be  a  very  much  weaker  acid  than  the  correspond- 
ing group  in  phenylurazole.  Trevor,^  Noyes^  and  Smith^ 
have  shown  that  the  acid  salts  of  dibasic  acids  give  only  a 
minimal  amount  of  hydrogen  ions.  When  a  small  volume  of 
alkali  solution  is  added  to  a  solution  of  the  sodium  phenyl- 
urazole and  phenolphthalein  the  alkaU  is  shared  between 
the  weak  acids,  sodium  phenylurazole  and  phenolphthalein, 
and  the  solution  turns  pink  in  color.  The  per  cent  of  hy- 
drolysis of  the  disodium  phenylurazole,  and  other  urazole 
salts,  will  be  investigated. 

But  salt  XXIII.  is  not  the  only  one  formed  when  a  solution 
of  phenylurazole  is  titrated  with  alkali.  When  only  one 
molecular  quantity  of  alkali  is  used  the  4  salts,  XXIII.,  XXVI., 

»  Z.  physik.  Chem.,  10,  321. 
«/6«f.,  11,495;  13,417. 
»  Ibid.,  2S,  144,  193. 
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XXVII.   and  XXVIII.,  and  their  ions,  are  formed,  XXIII. 
being  the  one  present  in  greatest  quantity. 


C,H,N—N 

I       il 
OC     CONa 

\/ 

NH 

XXIII. 

C,H,N-N 

I       II 
NaOC     COH 

\/ 

N 

XXVII. 


C,H,N—NNa 
OC     CO 
NH 

XXVI. 


OC     COH 

\/ 

NNa 
XXVIII. 


Since  the  keto  form,  — NHCO — ,  IV.,  of  the  2,3-amide  group 
of  phenylurazole  is  in  equilibrium  with  the  enol  form, 
— N:  C(OH) — ,  II.,  it  follows  that  each  one  of  these  forms  will 
titrate  against  alkali.  That  the  nitrogen  (keto)  salts,  XXVI., 
will  be  formed  is  certain  from  the  fact  that  the  corresponding 
very  stable  tetrazole  and  triazole  salts,  XXVIa. ,  XXVI6.  ,XXVIc. , 
XXVIc?.,  and  others,  can  be  made  very  easily.^     The  amount 


C,H,C—NAg      C,H,C-NAg 

II       I  II       I 

N    N  N     CC^H^ 


N—COAg 

II       II 
HC     N 


N 

XXVIa. 


N 
XXVId. 


NAg 

XXYlc. 


HC—N 

II       II 
A^     CBr 

\/ 
NAg 
XXVIrf. 


of  each  salt  formed  at  the  beginning  of  the  titration  depends  upon 
the  ratio  of  the  keto  to  the  enol  form  and  upon  the  strength 
of  each  as  an  acid.  The  same  can  be  said  of  the  4,5-amide 
group  and  it  follows  that  the  relative  amounts  ofXXIII.,XXVI., 
XXVII.  and  XXVIII.  formed  will  depend  (i)  upon  the  amount 
of  each  acid  present  of  which  these  salts  are  derivatives,  (2) 
upon  the  strengths  of  these  acids,  and  upon  the  relative  sup- 

'  Lessen:  Ann.  Chem.  (Liebig),  263,  105.  Lessen  and  Statius:  Ibid.,  298,  92. 
Pinner:  Ibid.,  297,  248.  Manchot  and  NoU:  Ibtd..  303,  33;  343,  1.  Manchot:  Ber.  d, 
chem.  Ges.,  31,  2444.  Widman  and  Cleve;  Ibid.,  31,  379.  For  benzamidine  sUver 
salt,  see  Pinner's  Imidoether,  1892,  p,  155. 
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pression  of  the  ionization  of  each  acid  by  its  corresponding 
salt  and  upon  other  conditions  discussed  in  Sections  XXIII. 
to  XXVII.,  inclusive.  There  will  be  present  also  small  amounts 
of  the  corresponding  disodium  salts  and  the  non-ionized 
acids.  The  above  formulae  do  not  take  into  consideration 
the  tautomeric  relationships  of  the  amide  groups  not  contain- 
ing the  metal.  It  has  further  been  proved^  that  the  molecu- 
lar enol  forms  of  salts  XXIII.  and  XXVII.  are  in  equilibrium 
with  the  molecular  keto  forms  of  the  salts,  XXVI.  and  XXVIII. , 
respectively.  It  has  been  found  that  the  salts  of  the  2,3- 
amide  group  and  the  salts  of  the4,5-amide  group  are  alkylated 
with  about  the  same  readiness.  It  therefore  follows  that  when 
we  treat  sodium  phenylurazole  with  alkyl  haUdes,  alkyl  sul- 
phates and  acyl  chlorides,  since  the  2,3-amide  group  contains 
nearly  all  of  the  sodium,  we  should  get  chiefly  derivatives  of 
the  2,3-amide  group.  This  has  been  amply  verified  by  the 
experimental  evidence.  When  sodium  phenylurazole^  is  heated 
in  alcoholic-water  solution  with  alkyl  halides  or  alkyl  sulphates, 
much  i-phenyl-2-alkylurazole,  XVII. ,  and  a  smaller  amount 
of  i-phenyl-3-alkoxyurazole,  XVI.,  are  formed.  The  silver 
salt  of  phenylurazole  gives  a  higher  percentage  of  the  i-phenyl- 
3-alkoxyurazole,  XVI.,  than  does  the  sodium  salt,  and  other 
salts  give  other  ratios  of  the  A^-ester  and  the  0-ester.  Likewise, 
when  the  silver  salt  of  phenylurazole  is  treated  with  acetyl 
chloride  the  chief  product  is  i-phenyl-2-acetylurazole.^ 

The  writer  made  i -phenyl- 2 -methylurazole  and  i-phenyl- 
2-acetylurazole  in  this  way.  Since  then  Dr.  R.  F.  Brunei 
and  the  writer  have  prepared,  by  this  method,  a  large  number 
of  i-phenyl-2-alkylurazoles,  in  which  the  alkyls  are  ethyl, 
propyl,  isopropyl,  butyl,  isobutyl  and  isoamyl  groups. 

As  has  been  published  in  a  previous  paper,  the  experimental 
evidence  at  hand,  worked  out  by  Mr.  R.  F.  Brunei,  J.  M.  John- 
son and  G.  H.  Shadinger,  under  the  direction  of  the  writer, 
all  tends  to  establish  the  fact  that  the  salts  of  tautomeric  com- 
pounds exist  in  2  forms,*  whose  molecules,  XXIII.  and  XXVI. , 

*  Acree:  This  Journal,  37,  71. 
2  Acree:  Ibid.,  37,  79. 

»  Acree;  Ibid.,  31,  188;  32,  609.     Ber.  d.  chem.  Ges.,  36,  3143. 

*  Acree:  This  JoxmNAL,  37,  78. 


48  Acree. 

are  in  equilibrium  and  whose  ions  react  with  alkyl  halides  to 
give  the  corresponding  0-esters  and  A'^-esters.  It  has  been 
proved  that  in  the  alkylation  of  the  salts  of  i-phenyl-4-methyl- 
urazole  neither  the  O-ester  nor  the  AT-ester  is  formed  from 
the  other  according  to  Wheeler's^  rearrangement  theory. 
The  0-ester  is  formed  from  the  ion  XXX.  directly,  and  the 
A^-ester  directly  from  the  ion  XXIX.  The  A'-ester  is  not  formed 
indirectly  through  an  intermediate  addition-product,  as  has 
been  supposed  by  Nef^  and  by  Michael.^  The  evidence  leads 
us  to  believe  that  both  the  (9-ester  and  the  N-ester  are  formed 
by  independent  side  reactions  from  the  ions  of  the  salts  corre- 
sponding to  XXIX.  and  XXX.  The  quantitative  data  obtained 
with  the  urazoles  point  clearly  to  the  fact  that  during  these 
alkylations  equiUbrium  is  established  practically  instanta- 
neously between  the  molecular  forms  of  the  salts,  XXIX'.  and 
XXX'.  The  fact  must  not  be  lost  sight  of,  however,  that  it 
may  be  found  later  that  the  salts  of  other  tautomeric  com- 
pounds may  establish  their  equiUbrium  only  very  slowly.* 
In  some  other  cases  this  reaction  may  be  complicated  by  the 
rearrangement  of  one  ester  into  the  other, ^  or  into  some  other 
product.  The  reactions  by  which  the  esters  are  formed  from 
the  salts  and  the  alkyl  haUdes  are  those  of  the  second  order. 

C,H,N—NNa        __^  C,H,N—N-\-Na 

xxix^     OC    CO  ^~"      XXIX.    OC    CO 


NCHs  NCHs 


i\ 


C,H,N-N  _^  C,H,N-N 

I     II  ZZ  I     II-    + 

XXX^     OC     CONa  XXX.      OC      CO+Na 


NCH^  NCHs. 


1  Wheeler  and  students:  This  Journal.,  21,  187;  23,  135;  30,  28, 

2  Ann.  Chem.  (Liebig),  266,  52;  276,  200;  277,  59,  83.  etc. 
»  J.  prakt.  Chem.,  37,  469;  45,  580;  46,  189,  etc. 

*  Wislicenus:  Ann.  Chem.  (Liebig),  291,  204,  211 ;  312,  40. 

»  Wheeler  and  students:  This  Journal,  21,  185;  23,  135;  30,  28. 
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It  is  of  interest  to  note  that  when  the  mono-metallic  salt, 
XXIII.,  is  treated  with  an  alkyl  halide,  some  phenyldialkyl- 
urazole^  and  phenylurazole  are  formed.  When  silver  phenyl- 
urazole is  treated  with  ethyl  iodide  in  ether  solution  con- 
siderable i-phenyl-3,5-diethoxyiirazole  and  phenylurazole  are 
formed  along  with  other  products,  which  are  now  under  in- 
vestigation. This  would,  at  first  sight,  appear  to  be  a  pecul- 
iar reaction.  But  the  reason  becomes  at  once  clear  if  we  re- 
member that  the  phenylalkylurazole  first  formed,  XVI.  or XVII., 
is  also  an  acid  and  takes  part  of  the  silver  away  from  silver 
phenylurazole,  giving  phenylurazole  and  (for  example)  silver 
phenyl-3-ethoxyurazole.  Toward  the  end  of  the  reaction 
this  side  reaction  becomes  considerable  and  the  silver  phenyl- 
3-ethoxyurazole  constantly  reacts  with  the  ethyl  iodide  and 
forms  i-phenyl-3,5-diethoxyurazole.  That  this  is  the  correct 
interpretation  of  the  reactions  by  which  the  phenyldialkyl- 
urazoles  are  formed  was  proved  conclusively  by  estabUshing 
experimentally  (i)  that  silver  phenylurazole  and  ethyl  iodide 
give  phenyl-3-ethoxyurazole,  (2)  that  silver  phenylurazole 
and  i-phenyl-3-ethoxyurazole  react  and  form  phenylurazole 
and  silver  phenyl-3-ethoxyurazole,  and  (3)  that  silver  phenyl- 
3-ethoxyurazole  and  ethyl  iodide  react  readily  and  form 
I  -phenyl- 3 , 5  -diethoxyu razole .  ^ 

It  has  been  found  likewise  that  the  salts  of  i-phenyl-3- 
ethoxyurazole,  XXXI.  and  XXXII. ,  react  readily  with  alkyl 
halides  and  alkyl  sulphates  and  form  both  A'^-esters,  XXXIV., 
and  0-esters,  XXXIII. 


C,H,N-N  .    . 

I       II  ^  I       II 

MOC     COC^H.  OC     COC.H, 

\/  \/ 

N  NM 

XXXI.  XXXII. 


'  Acree:  Ber.  d.  chem.  Ges.,  36,  3148.     Wheeler  and  Johnson:  This  Journal,  SO* 
24. 

-  Acree:  Ber.  d.  chem.  Ges.,  36,  3148. 
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C,H,N-N  C,H,N—N 
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The  silver  salt  gives  with  ethyl  iodide,  in  ether  solution, 
almost  exclusively  i-phenyl-3,5-diethoxyurazole,  but  the  potas- 
sium salt  with  methyl  iodide,  in  water-alcohol  solution,  or 
with  dimethyl  sulphate  in  water  solution,  gives  almost  en- 
tirely i-phenyl-3-ethoxy-4-methylurazole,  together  with  a 
small  amount  of  the  i-phenyl-3-ethoxy-5-methoxyurazole. 
When  the  i-phenyl-3-ethoxy-4-methylurazole  is  evaporated 
with  alcoholic  hydrochloric  acid  the  ethoxy  group  is  saponified 
and  i-phenyl-4-methylurazole  is  formed.  By  the  above 
series  of  reactions  we  should  be  able  to  prepare  other  i-phenyl- 
4-alkylurazoles  from  i -phenyl-3-ethoxyurazoles.  Mr.  R.  F. 
Brunei  has  confirmed  this  by  experiment  and  will  report  later 
in  detail. 

A  general  discussion  of  the  formation,  rearrangement  and  re- 
actions of  the  acetyl  derivatives  of  the  urazoles  will  be  found 
in  the  experimental  portion. 

EXPERIMENTAL   PART. 

Carbethoxyphenylsemicarbazide, 
C6H5N(COOC2H5)NHCONH2.— This  substance^  was  prepared 
by  the  action  of  ethyl  chlorcarbonate  on  phenylsemicarbazide 
in  acetic  ether  solution.  As  has  already  been  recorded,  the 
compound  occurs  in  2  modifications,  which  melt  at  172°  and 
at  154°,  and  which  can  be  changed  into  each  other.  When 
the  substance  precipitates  out  immediately  from  the  acetic 
ether  solution  in  which  it  is  prepared  it  melts  at  172°.  But 
if,  for  some  reason,  it  does  not  crystallize  out  at  once,  and  if 
the  solution  must  be  evaporated,  the  substance  will  probably 
melt  at  154°.  When  either  of  these  2  forms  is  crystallized 
from  hot  water  the  substance  obtained  melts  at  154°-  It 
was  not  known  at  first  whether  these  modifications  are  enol 

>  This  Journal,  27,  127.     Ber.  d.  chem.  Ges.,36,  556;  36,  3145;  87,  621.     Rupe: 
Ber.  d.  chem.  Ges.,  32,  12;  36,  1104.    Wheeler:  This  Journal,  27,  270. 
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and  keto,  or  other  chemical  forms,  or  simply  physical  isomers. 
Both  forms,  however,  react  practically  alike  toward  ferric 
chloride,  alkalies,  and  acetyl  chloride,  and  show  the  same 
molecular  weight  in  aqueous  solution.  Furthermore,  either 
of  them  can  be  changed  into  the  other  by  crystallization  from 
the  proper  solvent.  The  2  modifications  have  dififerent  solu- 
bilities in  water.  All  these  facts  make  it  appear  probable 
that  these  2  forms  are  merely  physical  modifications  and  in 
no  important  way  chemically  different. 

The  determination  of  the  molecular  weights  of  these  2 
forms  in  water  solution  was  made  by  means  of  McCoy's  appa- 
ratus.    The  formula  used  for  calculating  the  molecular  weights 

WT 
is  that  used  by  McCoy, ^  viz.,   M  =  ^y-     ^  is  the  weight  of 

the  substance,  A  the  elevation  of  the  boiling  point,  and  V 
the  volume  of  the  solution.  T  is  a  constant  having  a  different 
value  for  each  solvent;  the  value  for  water  is  540. 

In  order  to  determine  whether  either  form  has  the  sin- 
gle molecular  weight,  the  first  readings  were  made  very  quickly. 


Molecular  Weight  of  the  154°  M.  P.  Modification. 
0.7820  gram    substance,  m.  p.  154°,  was  used. 


Rise  in  boiling 

Voltune  of  solution 
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at  boiling  point,  about  95°. 
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24.0 
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221 
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Mol. 
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calculated, 

224 

On  cooling,  the  solution  deposited  crystals  which  melted 
at  i53°-i55°- 

'  This  Journal,  23,  358. 
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Molecular  Weight  of  the  172°  M.  P.  Modification. 
0.4830  gram  substance,  m.  p.  172°,  was  used. 


Rise  in 

Volume  of  solution  at 

Molecular  weight 

boiling  point. 

boiling  point,  about  95' 

found. 

0.62 

22.4 

236 

0.67 

22.6 

217 

0.66 

23.2 

215 

0.65 

234 

Average, 

216 
221 

Mol. 

wt. 

calculated. 

224 

On  cooling,  the  solution  deposited  crystals  wliich  melted 
at  i53°-i55°- 

Both  of  the  modifications  seem  to  have  practically  the  same 
molecular  weight  in  aqueous  solution,  namely,  that  of  the 
monomolecular  form  of  the  substance.  If  either  of  the  modi- 
fications has  a  double  molecular  form  in  the  solid  state,  it 
changes  too  quickly  to  the  monomolecular  form,  when  dis- 
solved in  water,  to  allow  us  to  secure  evidence  on  this  point 
by  the  above  method. 

When  heated  in  the  solid  state  the  higher  melting  isomer 
is  the  stable  one;  the  lower  melting  form  is  changed  into  the 
higher  melting  form  very  rapidly  at  about  155°.  When  a 
small  amount  of  the  isomer  which  melts  at  172°  is  mixed 
with  a  large  amount  of  the  form  which  melts  at  154°,  the 
melting  point  of  the  mixture  is  172°.  When  the  compound 
which  melts  at  154°  is  melted  completely,  or  is  only  partially 
melted  and  is  allowed  to  solidify  at  or  below  153°,  it  then 
melts  at  172°. 

The  change  of  one  of  these  modifications  into  the  other 
by  crystallization  from  solvents  seems  to  depend  upon  con- 
ditions of  temperature,  time  and  the  solvent  used,  as  the  fol- 
lowing experiments  show:  The  writer  is  indebted  to  Mr. 
W.  R.  Travers,  of  the  University  of  Utah,  for  aid  in  many  of 
these  experiments.  When  i  gram  of  the  form  which  melts 
at  172°  was  boiled  in  water  2  hours,  or  even  12  hours,  it  crys- 
tallized out  in  a  granular  state  and  melted  at  i53°-i55°- 
Crystallization  of  the  form  which  melts  at   154°  from  hot 
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water  did  not  change  its  melting  point.  The  form  which  melts 
at  154°,  then,  is  the  one  always  obtained  when  the  substance 
is  crystallized  from  hot  water.  When  solutions  of  the  2  forms 
were  made  by  shaking  them  48  hours  with  cold  water,  and 
the  undissolved  solids  were  filtered  out,  the  melting  points 
of  these  portions  were  still  172°  and  154°.  When  the  fil- 
trates were  evaporated  in  vacuo  over  sulphuric  acid,  they 
both  yielded  the  isomer  which  melts  at  154°.  When  these 
solutions  were  evaporated  at  95°  and  the  residues  were  dried 
at  110°,  they  then  melted  at  172°,  probably  because  at  110° 
they  were  at  least  partly  converted  into  the  higher  melting 
isomer.  Mere  contact  with  water  does  not  change  the  melt- 
ing points  of  the  solids. 

When  the  form  which  melts  at  172°  was  crystallized  from 
acetic  ether  it  melted  at  171°-!  72°.  When  the  form  which 
melts  at  154°  was  crystallized  quickly  from  acetic  ether  it 
melted  at  i53°-i55°;  but  if  boiled  3  hours  in  acetic  ether 
and  crystallized  out  at  once,  it  melted  at  171°-! 72°;  but  if 
this  same  solution  were  allowed  to  evaporate  spontaneously 
for  48  hours,  the  precipitate  melted  at  154°-!  56°.  It  will 
be  recalled  that  similar  phenomena  were  observed  in  the  prepa- 
ration of  carbethoxyphenylsemicarbazide.  The  higher  melt- 
ing form,  then,  seems  to  be  the  more  stable  one  when  the 
substance  was  crystallized  from  hot  acetic  ether. 

When  the  form  which  melts  at  172°  was  crystallized  from 
acetone  it  melted  at  154°.  When  crystallized  from  a  mix- 
ture of  alcohol  and  acetic  ether  it  melted  at  153°-! 56°.  When 
crystallized  from  benzene  it  melted  at  172°. 

As  the  form  which  melts  at  154°  is  the  one  always  obtained 
when  the  substance  is  crystallized  from  water,  it  was  thought 
that  possibly  this  form  is  less  soluble  in  water  than  the  form 
which  melts  at  172°.  At  the  writer's  suggeston,  Mr.  W.  R. 
Travers  made  some  determinations  of  the  solubiUties  of  these 
2  modifications  in  water.  Pure  powdered  samples  of  the  2 
forms  were  shaken  with  water  for  48  hours  in  a  thermostat 
at  20°,  and  the  solutions  were  then  filtered.  The  residues 
still  melted  at  172°  and  153°-! 55°-  Weighed  quantities, 
about  30  grams,  of  each  filtrate  were  evaporated  in  platinum 
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dishes  at  95°  and  dried  at  110°.  The  residues  were  slightly 
brown:  the  one  from  the  form  which  originally  melted  at  172° 
still  melted  at  172°  and  the  one  from  the  isomer  melting  at 
154°  melted  at  168°.  The  data  showed  that  i  gram  of  solu- 
tion from  the  form  which  melts  at  172°  contained  0.0019 
gram  substance,  whereas  i  gram  of  solution  from  the  isomer 
which  melts  at  154°  contained  only  0.00146  gram  substance. 
The  lower  melting  form,  then,  is  the  less  soluble  one.  In 
order  to  determine  if  there  were  any  difference  in  the  amounts 
of  substance  in  the  solutions  of  the  2  forms  that  had  been 
boiled,  Mr.  Travers  examined  the  solutions  used  in  making 
the  molecular  weight  determinations  reported  above.  These 
solutions  were  allowed  to  stand  at  15°. 5  for  72  hours.  Both 
solutions  deposited  crystals  melting  at  154°.  One  gram  of 
the  solution  made  from  the  substance  melting  at  172°  contained 
0.0012  gram  substance;  i  gram  of  the  solution  made  from  the 
substance  melting  at  154°  contained  0.0013  gram.  Practically 
the  same  amounts,  then,  are  contained  in  these  2  solutions; 
furthermore,  these  solubilities  for  the  substance  which  melts 
at  154°  agrees  very  well  with  those  obtained  in  the  preceding 
experiment,  and  with  others  for  both  isomers  obtained  by 
Mr.  G.  H.  Shadinger. 

All  of  the  above  evidence  seems  to  bear  out  the  conclusion 
that  these  2  modifications  of  the  carbethoxyphenylsemioar- 
bazide  are  not  chemical  isomers,  but  are  some  kind  of  physical 
isomers.  As  soon  as  time  permits,  the  subject  will  be  taken 
up  again.     Analysis: 

I.  0.2168  gram  substance  (m.  p.  172°)  gave  43.1  cc  N  at 
18°  and  635  mm. 

II.  00901  gram  substance  (m.  p.  154°)  gave  17.8  cc.  N  at 
18°  and  633  mm. 

N 

Potassium  Phenylsemicarbazide-  a-carboxylate,^ 
C6H5N(COOK)NHCONH2 .-—  When    carbethoxyphenylsemi- 
carbazide  is  heated  in  aqueous  solution  with  a  molecular  amount 

1  Acree:  Ber.  d.  chem.  Ges.,  37,  621. 
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of  potassium  hydroxide  and  a  drop  of  phenolphthalein,  till  the 
red  color  disappears,  the  above  potassium  salt  can  be  obtained 
by  evaporating  the  solution  to  crystallization.  When  the 
residue  is  washed  with  alcohol  and  ether,  the  salt  is  pure  and 
white.  When  the  salt  is  treated  in  aqueous  solution  with  hy- 
drochloric acid,  pure  phenylurazole  is  formed.  When  the 
salt  is  heated  at  150°  it  loses  a  molecule  of  water  and  gives 
potassium  phenylurazole,  formula  I.  or  II., 

C,H,N—N  C,H,N—N 

I        II  I        II 

KOC     COH  OC      COK 

sy  \/ 

N  NH 

I.  II. 

which  gives  pure  phenylurazole  when  treated  with  hydro- 
chloric acid.     Analysis : 

0.2598  gram  substance  lost  00215  gram  HjO  when  heated 
3  hours  at  i2o°-i50°;  0.1586  gram  dried  substance  gave 
0.0640  gram  KjSO^. 


H2O 


K 

Silver  Phenyhemicarbazide-  a-carboxylate,^ 
C6H5N(COOAg)NHCONH2.— When  a  solution  of  potassium 
phenylsemicarbazide-a-carbox^date  is  titrated  with  the  theo- 
retical amount  of  silver  nitrate  solution,  with  stirring,  the 
silver  salt  comes  out  as  a  granular  precipitate.  When  the 
salt  is  heated  to  150°  it  loses  i  molecule  of  water  and  gives 
silver  phenylurazole,  I.  or  II.     Analysis: 

I.  0.1532  gram  substance  gave  0.0557  gram  Ag. 

II.  02084    gram    substance    (dried    at    150°)    gave    0.0801 
gram  Ag. 

*  Acree:  Ber,  d.  Chem.  Ges.,  87,  622,  995. 


Calculated  for 
C8H8O3N3K. 

Found. 

7.72 

8.24 

Calculated  for 
CsHsOjNsK. 

Found. 

18.18 

18.12 
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Calculated  for  Ag. 

CgHANgAg  35.72  36.36 

CgHeO^NgAg  38.00  38.44 

CeHgN -N 

I  II 

Phenylurazole,^     0:C  COH. — This  compound^  is  most 

NH 
easily  obtained  by  heating  the  carbethoxyphenylsemicarba- 
zide  with  a  molecule  of  alkali  till  the  ester  is  saponified,  and 
treating  the  resulting  solution  with  an  excess  of  a  mineral 
acid.     The  phenylsemicarbazidecarboxylic  acid, 

CeH5N(COOH)NHCONH2, 

is  first  liberated,  but  loses  a  molecule  of  water  at  once  and 
forms  phenylurazole. 

Phenylurazole  reddens  litmus  and  decomposes  carbonates. 
In  the  presence  of  phenolphthalein  or  Poirrier's  Blue,  phenyl- 
urazole titrates  against  only  i  molecule  of  alkali.  Since  the 
Porrier's  Blue  is  very  sensitive  to  hydrogen  ions,  it  is  clear 
that  the  4,5-amide  group  in  sodium  phenylurazole  gives  only 
a  very  small  amount  of  hydrogen  ions.  The  alkali  salts  color 
methyl  orange  brown;  in  these  solutions  the  metal  can  be  es- 
timated quantitatively  by  titration  with  standard  hydrochloric 
acid.  Insoluble  salts  are  formed  when  solutions  of  the  alkali 
salts  of  phenylurazole  are  treated  with  solutions  of  silver 
nitrate,  copper  sulphate,  mercuric  chloride,  lead  chloride, 
and  others. 

When  potassium  phenylurazole  is  warmed  with  an  iodine 
solution  the  iodine  gradually  reacts  with  the  salt  and  an  or- 
ganic compound  is  formed  which  is  very  soluble  in  water. 
This  is  now  being  investigated. 

Wlien  potassium  phenylurazole  is  boiled  in  alcoholic-water 
solutions  with  alkyl  halides,  the  i -phenyl- 2 -A^-alkylurazoles 
are  formed,  together  with  small  quantities  of  the  i-phenyl-3- 

1  The  graphic  formula  given  -with  the  name  of  the  substance  represents  the  par- 
ticular tautomeric  form  supposed  to  be  present  in  greatest  amount  in  solutions  of  the 
substance. 

2  Acree:  This  Journal,  27,  118;  31,  185;  32,  606;  37,  71.  Ber.  d.  chem.  Ges., 
35,  553;  36,  3139;  37,  184,  618. 
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alkoxyurazoles  and  others.  Not  only  has  the  i-phenyl-2- 
methylurazole  been  made,  but  Mr.  R.  F.  Brunei,  who  is  work- 
ing on  the  urazoles,  has  found  the  method  admirably  adapted 
to  the  formation  of  the  corresponding  2-ethyl,  -propyl,  -iso- 
propyl,  -butyl,  -isobutyl,  -tertbutyl,  and  -isoamyl  derivatives, 
and  will  report  his  work  later.  When  the  silver  salt  is  treated 
with  the  corresponding  alkyl  halides  a  comparatively  large 
amount  of  the  i-phenyl-3-alkoxyurazole  is  formed. 

When  phenylurazole  is  treated  with  an  excess  of  diazo- 
methane^  the  chief  product  is  i-phenyl-3-methoxy-4-methyl- 
urazole.  When  an  alcoholic  hydrochloric  acid  solution  of 
this  dimethyl  derivative  is  boiled  some  time,  the  methoxy 
group  at  3-  is  saponified  and  i-phenyl-4-methylurazole  is 
formed.  When  a  solution  of  diazome thane  is  added  to  an 
excess  of  phenylurazole,  the  chief  reaction  product  is  i-phenyl- 
3-methoxyurazole,  together  with  a  small  amount  of  i-phenyl- 
2-methylurazole.  When  the  i-phenyl-3-methoxyurazole  is 
boiled  with  alcoholic  hydrochloric  acid,  the  methoxy  group 
is  saponified  and  phenylurazole  is  formed.  These  facts,  then, 
show  that  phenylurazole  reacts  toward  diazomethane  as  if  it 
has  an  enol  group  at  3  and  a  hydrogen  on  the  N  at  4. 

Conductivity  measurements  on  all  of  these  urazoles,  as  well 
as  on  the  salts,  are  being  conducted  now  by  Mr.  G.  H.  Shad- 
inger  and  the  writer.  The  strength  of  the  acid  groups  at  2,3- 
and  4,5-  in  the  various  compounds,  together  with  a  study  of 
all  the  conditions  affecting  the  strength  of  these  acids,  are 
being  very  minutely  investigated.  The  2,3-amide  group  in 
phenylurazole  has  an  affinity  constant  K  =0.00001  at  25°, 
whereas  the  4,5-amide  group  has  a  constant  K  =  o. 00000005. 
These  acids  obey  Ostwald's  dilution  law  and  we  shall  study 
their  conductivities,  and  those  of  their  salts,  at  other  tempera- 
tures to  get  the  temperature  coefficients  of  their  conductivi- 
ties and  their  dissociation  constants  and  to  see  if  changes  in 
temperature  affect  the  value  of  the  Ostwald  constant  or  the 
tautomeric    relations. 

Phenyldihenzoylurazole. — Silver  phenylurazole,  7.7  grams, 
was  allowed  to  stand  2  months  with  3.9  grams  of  benzoyl 

>  Acree:  Bex.  d.  chem.  Ges.,  36,  3139. 
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chloride  in  benzene  solution.  The  liquid  was  filtered  from 
the  silver  chloride  and  evaporated  in  a  desiccator  over  parafiin. 
A  solid,  melting  at  178°-! 80°,  was  obtained,  which  is  the  di- 
benzoyl  derivative.  It  is  rather  surprising  that  the  diben- 
zoyl  derivative  is  the  only  product  obtained,  when  we  recall 
that  in  the  corresponding  experiment  with  acetyl  chloride* 
very  little  diacetyl  and  much  monoacetyl  derivative  is  formed. 
Analysis : 

0.1525  gram  substance  gave  17.5  cc  N  at  22°  and  630  mm. 

Calculated  for 
C22H16N3O3.  Found. 

N  10.93  10.77 

CeH^N N 

I  II 

Potassium  Phenylurazole,     O :  C  COK. — Mr.  Ralph  Wat- 

NH 
son,  of  the  University  of  Utah,  made  this  salt  by  neutralizing 
phenylurazole  with  exactly  i  molecule  of  potassium  hydroxide 
in  aqueous  solution  and  evaporating  the  solution  on  a  water- 
bath  just  to  dryness.  The  salt  was  then  washed  with  alcohol 
and  ether.  It  contains,  in  this  state,  no  water  of  crystalliza- 
tion. The  salt  can  be  crystallized  very  nicely  from  a  concen- 
trated water  solution  by  cooling,  or  by  the  addition  of  alcohol. 
The  salt  is  difficultly  soluble  in  alcohol.  When  a  water  solu- 
tion of  the  salt  is  treated  with  hydrochloric  acid  pure  phenyl- 
urazole is   regenerated.     Analysis: 

1.03554  grams  substance  lost  0.0075  gram  HjO  when  heated 
3  hours,  at  140°. 

I.  0.1560  gram  dried  salt  required  6.45  cc  0.1125  N  hydro- 
chloric acid  (indicator:  methyl  orange). 

II.  0.7635  gram  salt  gave  0.3092  gram  K2SO4. 

Calculated  for  Found. 

CsHeNaOzK.  I.  II. 

K  18.18  18.21  18.19 

•  Acree:  This  Journal,  32,  609.     Wheeler  and  Johnson:  Ibid.,  SO,  24. 
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CeH.N N 

I  II 

Silver  Phenylurazole,^      0:C  COAg. — ^When  a  solution 

NH 

of  potassium  phenylurazole  is  treated  with  a  standard  silver 
nitrate  solution,  the  silver  phenylurazole  first  formed  redis- 
solves;  after  0.5  gram  molecule  of  silver  nitrate  has  been  added, 
however,  a  permanent  precipitate  is  formed  upon  the  addition 
of  the  second  half  of  the  silver  nitrate,  the  amount  being  nearly 
the  theoretical.  This  seems  to  show  that  a  soluble  alkali- 
silver  double  salt  is  first  formed  in  the  titration.  When  the 
precipitated  silver  salt  is  filtered  off  and  washed  well  with  water, 
alcohol  and  ether,  it  is  pure  white  and  very  stable  towards 
light.  That  the  silver  is  mostly  at  3-  is  made  probable  by 
the  fact  that  ethyl  iodide  and  the  silver  salt  give  i-phenyl- 
3-ethox5mrazole,  while  acetyl  chloride  and  the  silver  salt  give 
the  corresponding  i-phenyl-2-  or  -3-acetylurazole.  Analysis: 
0.2143  gram  substance  gave  0.0816  gram  Ag. 

Calculated  for 

CsHsNaOjAg.  Found. 

Ag  38.00  38.08 

CeH^N N 

I  II 

Disilver  Phenylurazole,^   AgOC  COAg. — When   a  solu- 

\   / 

N 

lion  of  sodium  phenylurazole  and  phenolphthalein  is  treated 
with  a  measured  volume  of  o.i  N  sodium  hydroxide  solution, 
less  than  i  molecule,  just  twice  this  volume  of  o.i  N  silver 
nitrate  must  be  added  to  make  the  red  color  of  the  solution 
disappear;  or  if  a  measured  volume  of  0.1  N  silver  nitrate 
solution  is  added  to  the  solution,  just  half  this  volume  of  o.  i  N 
alkali  is  sufficient  to  bring  back  the  red  color.  When  silver 
phenylurazole,  in  the  presence  of  phenolphthalein,  is  treated 
alternately  with  0.1  N  alkali  solution  and  0.1  N  silver  nitrate 

1  Acree:  This  Journal,  27,  128;  31,  185;  32,  606.     Ber.  d.  chem,  Ges.,  36,  553; 
36,3139;  37,618. 

2  Acree:  Ibid.,  36,  3146. 
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solution,  it  requires  the  same  volume  of  silver  nitrate  solution 
to  remove  the  red  color  as  of  alkali  solution  to  produce  that 
color.  The  precipitate  formed  is  disilver  phenylurazole. 
Phenylurazole  is  easily  converted  into  its  disilver  salt,  then, 
by  dissolving  it  in  o.  i  N  alkali  and  treating  it  alternately  with 
o.i  N  alkaU  and  oi  N  silver  nitrate  until  2  molecules  each  of 
the  alkali  and  the  silver  nitrate  have  been  used.  The  solution 
should  be  dilute  and  should  be  shaken  thoroughly  during  the 
operation;  otherwise  the  disilver  salt  precipitates  out  as  a 
jelly-like  mass,  which  is  hard  to  filter.  The  yield  is  practically 
quantitative.  In  one  experiment,  for  example,  16  grams 
of  phenylurazole  gave  35  grams  of  disilver  salt  instead  of  the 
theoretical  amount  of  35.5  grams:  in  another  experiment  5 
grams  of  phenylurazole  gave  11  grams  of  the  disilver  salt  in- 
stead of  1105  grams.  When  freshly  precipitated,  the  salt 
is  light  gray  but  soon  becomes  dark  brown.  During  this  change 
of  color  no  perceptible  decomposition  takes  place ;  a  sample  of 
the  salt  stood  2  months  in  a  desiccator  and  was  analyzed  from 
time  to  time.  It  contained  the  theoretical  amount  of  silver. 
When  this  disilver  salt  is  treated  with  ethyl  iodide  in  benzene 
or  ether  solution,  nearly  pure  i-phenyl-3,5-diethoxyurazole 
(m.  p.  53°)  is  formed.  Mr.  R.  F.  Brunei  is  using  the  same 
method  for  the  preparation  of  other  homologues.  Analysis: 
I.  0.1399  gram  substance  gave  00763  gram  Ag. 
II.  0.21 13  gram  substance  gave  0.1171  gram  Ag. 

III.  02237  gram  substance  gave  0.1213  gram  Ag. 

IV.  0.2340  gram  substance  gave  0.1240  gram  Ag- 
V.  0.2492  gram  substance  gave  0.1354  gram  Ag. 

VI.  0.2056  gram  substance  gave  0.1141  gram  Ag. 
III.,  IV.  and  V.  are  analyses,  made  at  intervals,  of  a  sample 
that  stood  I  month  in  a  desiccator. 

Calculated  for  Foimd. 

CgHfiNaOgAgz.  I  II.  III.  IV.  V.  VI. 

Ag        55.20        54.54     55.42     54.23     53.00     54.37     55.50 

The  study  of  the  method  of  formation  of  this  disilver  salt  and 
the  corresponding  disilver  i-phenyl-3-thiourazole  has  given 
some  valuable  data  concerning  the  ionization  of  phen^'^lurazole 
and  its  salts.     Two  questions  can  now  be  answered.     First, 
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when  a  fraction  of  a  molecular  quantity  of  potassium  hydroxide 
is  added  to  a  solution  of  a  molecular  quantity  of  potassium 
phenylurazole,  is  the  potassium  phenylurazole  a  strong  enough 
acid  to  unite  with  this  alkaU  completely,  or  nearly  so,  or  does 
the  alkali  remain  practically  undiminished  in  quantity?  In 
other  words,  is  dipotassium  phenylurazole,  in  water  solution, 
greatly  hydrolyzed  into  potassium  hydroxide  and  potassium 
phenylurazole  or  only  slightly  so?  The  experiments  show 
that  when  a  solution  of  potassium  phenylurazole  is  treated 
with  a  further  quantity  of  alkaU,  the  alkaU  reacts  nearly  com- 
pletely with  the  potassium  phenylurazole  and  gives  dipotas- 
sium phenylurazole,  and  there  is  only  a  small  amount  of  free 
alkali  left  in  the  solution.  As  a  result,  when  the  silver  nitrate 
is  added  it  reacts  immediately  with  the  dipotassium  phenyl- 
urazole present  and  forms  the  insoluble  disilver  salt,  and  the 
small  amount  of  free  alkah  present  simultaneously  reacts 
with  some  of  the  potassium  phenylurazole  to  form  more  di- 
potassum  phenylurazole.  If  there  were  much  free  alkali 
present  in  the  solution  at  any  time  the  silver  nitrate  would 
react  with  this  to  form  silver  oxide  and  as  a  result  the  pre- 
cipitate would  contain  a  much  higher  percentage  of  silver 
than  that  corresponding  to  disilver  phenylurazole.  Since 
the  analytical  data  show  the  disilver  phenylurazole  to  be  pure, 
there  is  no  silver  oxide  in  it,  and  consequently  there  is  very 
little  free  alkali  present  in  a  solution  of  potassium  phenyl- 
urazole and  a  fraction  of  a  molecular  quantity  of  alkaU.  Mc- 
Coy^ found  that  in  0.05  gram  molecular  solutions  the  hydrolysis 
of  sodium  carbonate  into  sodium  hydroxide  and  sodium  bi- 
carbonate is  only  6.2  per  cent.  Judging  from  the  affinity 
constants  of  phenylurazole  and  of  carbonic  acid,  potassium 
phenylurazole  is  a  stronger  acid  than  sodium  bicarbonate 
and  dipotassium  phenylurazole  is  probably  not  hydrolyzed 
as  much  as  6  per  cent. 

The  second  question  answered  by  the  experiments  is:  Is 
silver  phenylurazole  a  strong  enough  acid  to  titrate  against 
a  measurable  amount  of  o.  i  N  alkali  in  the  presence  of  phenol- 
phthalein,   without   appreciably  sharing    the   alkali    with  the 

^  This  Journal,  29«  462. 
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phenolphthalein  and  causing  a  red  coloration  of  the  solu- 
tion? In  the  discussion  of  the  ionization  of  the  acid  salts  of 
phenylurazole  it  suggests  itself  that  if  we  could  prepare  phenyl 
acidurazole  salts  (XXIII.),  in  which  the  dissociation  into  metal 
ions  and  phenylurazole  ions  is  small  in  comparison  with  that 
of  the  alkali  salts,  we  should  then  have  compounds  which  should 
be  more  acid  than  the  alkali  salts  and  in  which  4, 5 -amide 
group  would  titrate  against  some  alkali  without  sharing  it 
perceptibly  with  the  phenolphthalein,  just  as  do  the  phenyl- 
3-alkoxyurazoles.  Since  silver  salts,  in  general,  are  less  ion- 
ized than  the  corresponding  alkali  salts,  silver  phenylurazole 
was  investigated  to  see  if  it  would  show  this  behavior.  Care- 
ful experiments  made  us  doubt  that  silver  phenylurazole 
is  more  acid  than  potassium  phenylurazole. 

A  number  of  series  of  experiments  were  carried  out  to  test 
this  point  in  question,  but  only  one  representative  series  will 
be  given  here.  The  largest  experimental  error  is  that  one 
due  probably  to  the  failure  of  the  reagent  added  to  mix  thor- 
oughly and  quickly  with  the  gelatinous  solution  containing 
the  precipitated  silver  salt.  It  was  found,  furthermore,  that 
it  takes  from  008  to  0.15  cc  o.i  N  potassium  hydroxide  to 
give  a  decisive  red  color  in  a  solution  containing  5  cc.  ci  N 
silver  nitrate,  50  cc.  of  water  and  some  phenolphthalein.  It 
is  probable,  then,  that  the  experimental  error  in  these  deter- 
minations may  be  as  high  as  0.20  cc.  in  the  more  concentrated 
solutions.  In  some  titrations  less  than  i  molecular  quantity 
of  o.  I  N  silver  nitrate  solution  was  added  to  the  potassium 
phenylurazole  solution,  in  other  cases  more  than  a  molec- 
ular quantity  was  added;  then  alkali  was  added  till  the  red 
color  appeared.  In  other  cases  i  molecular  quantity  of  o.i  N 
silver  nitrate  solution  was  added  to  the  potassium  phenyl- 
urazole solution ;  to  the  precipitated  silver  salt  was  then  added 
a  measured  volume  of  0.1  N  potassium  hydroxide  (i  or  2  drops 
of  alkali  will  color  the  solution  red)  and  then  sufficient  0.1  N 
silver  nitrate  solution  just  to  remove  the  pink  color.  But  what- 
ever the  method  of  procedure  used,  when  we  start  with  a  given 
amount  of  potassium  phenylurazole  the  volume  of  ci  N  sil- 
ver nitrate  solution  necessary  to  remove  the  red  color  is  just 
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twice  the  volume  of  the  o.  i  N  alkali  added.  The  precipitate 
is  the  disilver  phenylurazole.  The  figures  show  that  the  sil- 
ver phenylurazole  does  not  titrate  against  an  amount  of  o.  i  N 
alkali  greater  than  that  involved  in  the  experimental  error. 
A  similar  series  of  determinations  was  made  with  phenyl-3- 
thiourazole,  and  the  result  was  the  same;  o.iooo  gram  of 
phenylurazole  required  5.65  cc  o.i  N  of  potassium  hydroxide 
in  50  cc  water  and  phenolphthalein.     Calculated,  5.65  cc. 

To  this  solution  was  added  the  following  volumes  of  o.i  N 
potassium  hydroxide  and  0.1  N  silver  nitrate  to  keep  the 
solution  neutral  to  phenolphthalein. 

0.1  N  KOH. 
cc. 

0.28 
1.03 

2.12 
2.90 
3.20 

5.65 
(5.61) 

An  examination  of  the  column  on  the  left,  representing  the 
amount  of  alkali  needed  to  render  the  solution  neutral  to 
phenolphthalein,  shows  that  in  some  cases  there  is  considera- 
ble more  than  half  the  corresponding  volume  of  01  N  silver 
nitrate ;  in  other  words,  the  silver  phenylurazole  seems  to  titrate 
against  some  of  the  alkali  before  beginning  to  share  it  per- 
ceptibly with  the  phenolphthalein.  But  the  experimental 
error  of  the  titrations  is  so  large  that  such  a  conclusion  is  hardly 
justified.  More  refined  work,  however,  will  be  undertaken. 
CeH.N NCH3 

I  I 

Phenyl-2-methylurazole,^      0:C  C:0    . — This  substance 

NH 
was  first  made  by  Busch  by  the  elimination  of  the  amino  group 
from    phenyl-2-methyl-4-aminourazole    by    means    of  nitrous 

'  Busch  and  Heinrichs:  Ber.  d.  chem.  Ges.,  33,  455.     Acree:  This  Journal,  27, 
128. 
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acid.  Busch  supposed  the  methyl  group  to  be  in  position  3^ 
but  this  formula  was  proved  by  the  writer  to  be  incorrect. 
The  substance  was  obtained  by  the  writer  by  the  action  of 
methyl  iodide  on  potassium  phenylurazole,  and  it  has  been 
found  by  Mr.  R.  F.  Brunei  that  this  method  is  a  general  one 
for  the  preparation  of  phenyl-2-alkylurazoles,  a  small  amount 
of  the  corresponding  phenyl-3-alkoxyurazole  being  formed  at  the 
same  time  in  this  reaction. 

This  substance  has  now  been  prepared  by  the  action  of  di- 
methyl sulphate  on  potassium  phenylurazole,  and  by  the  ac- 
tion of  diazomethane  on  phenylurazole. 

Ten  grams  of  phenylurazole  dissolved  in  i  molecular  quan- 
tity of  potassium  hydroxide  in  water,  was  treated  with  1.25 
mol.  of  dimethyl  sulphate  and  shaken  well;  some  alkali  was 
added  at  intervals.  A  precipitate  was  formed  which,  when 
dried  and  extracted  with  chloroform,  gave  4.75  grams  of  phenyl- 
2-methylurazole,  not  quite  pure.  This  was  dissolved  in  alkah 
and  fractionally  precipitated  by  adding  sulphuric  acid.  One 
fraction,  3  grams,  melted  at  170°-! 82°,  and  the  other,  1.5. 
grams,  at  i85°-i88°.  The  melting  point  of  this  latter  fraction 
was  not  lowered  by  mixing  it  with  pure  i -phenyl- 2 -methyl- 
urazole.  One  gram  required  5.55  cc.  0.907  N  potassium 
hydroxide  (indicator,  phenolphthalein) ;  calculated,  5.75  cc. 

CbH^N N 

I  II 

Phenyl- 3-methoxyurazole,^       0:C  COCH3. — The  action* 

NH 
of  diazomethane  on  the  urazoles  in  ether  solution  was  studied 
to  learn  the  position  of  the  hydrogen  atoms  in  the  non-ionized 
substances.     The  2,3-  and  the  4,5-amide  groups  contain  the 
2  tautomeric  forms 

— NHCO—    ^    — N:C(OH)— 

in  equilibrium  with  each  other,  and  only  traces  of  their  ions. 
Since  diazomethane  reacts  very  readily  with  imido  and  with 
enol   groups,   the   determination  of  the   relative   amounts  of 

1  Acree:  Ber.  d.  chem.  Ges.,  36,  3150. 
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AT-methyl  and  of  methoxy  derivatives  formed  would  give  us 
some  knowledge  of  the  ratio  in  which  the  2  tautomeric  forms 
exist  in  the  ether.  Although  diazomethane  reacts  practically 
instantaneously  with  these  urazoles,  yet  it  may  be  that  one 
of  the  2  forms,  the  enol  or  the  keto,  reacts  with  the  diazo- 
methane a  little  more  readily  than  does  the  other  form.  In 
this  case,  the  above  equation  of  equilibrium  would  not  hold 
exactly;  the  change  in  equilibrium  would  take  place  in  the 
direction  of  the  form  more  readily  acted  upon  by  the  diazo- 
methane, and  as  a  consequence,  more  of  that  particular  methyl- 
ated product  would  be  obtained  than  would  be  expected 
from  the  above  equation  of  equilibrium.  But  the  results  ob- 
tained give  us,  probably,  fairly  accurately  the  ratios  in  which 
the  2  forms  exist  and  the  data  so  obtained  are  valuable  and 
instructive  and  harmonize  with  the  evidence  secured  by 
physical-chemical  means  by  Mr.  Shadinger. 

When  an  absolute  ether  solution  of  diazomethane  was  al- 
lowed to  drop  into  a  vessel  containing  solid  phenylurazole 
and  the  mixture  was  shaken  well,  the  diazomethane  was  de- 
composed at  once.  The  ether  solution  was  filtered,  evapora- 
ted to  dryness  and  extracted  with  chloroform  to  leave  undis- 
solved any  unchanged  phenylurazole.  The  chloroform  was 
evaporated  and  the  residue  was  dissolved  in  a  small  amount 
of  alcohol.  To  this  solution  was  added  phenolphthalein,  a 
small  excess  of  alkali  and  several  volumes  of  water,  in  order 
to  remove  the  insoluble  i-phenyl-3-methoxy-4-methylurazole, 
which  will  be  described  below.  The  precipitate  was  filtered 
off  and  the  filtrate  was  evaporated  to  a  small  volume.  Hy- 
drochloric acid  was  added  to  the  cooled  solution,  and  a  copious 
precipitate  of  i-phenyl-3-methoxyurazole  was  formed  and 
was  filtered  off.  The  filtrate  contained  a  small  amount  of 
i-phenyl-2-methylurazole;  when  the  solution  was  evaporated 
to  dryness  and  the  residue  was  crystallized  from  a  small  amount 
of  hot  water  the  substance  was  obtained  pure,  melting  at  183°. 
Titration:  01 131  gram  required  5.88  cc  o.i  N  potassium  hy- 
droxide solution;  calculated,  5.92  cc. 

i-phenyl-3-methoxyurazole  melts  at  197°,  undecomposed. 
It  titrates  against  o.i  N  alkali  as  a  monobasic  acid  and  is  pre- 
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cipitated  unchanged  from  the  alkaline  solution  upon  the  addi- 
tion of  strong  acids.  The  monopotassium  salt  was  analyzed. 
When  evaporated  on  a  water-bath  2  or  3  times  with  concen- 
trated alcoholic  hydrochloric  acid,  the  i-phenyl-3-methoxy- 
urazole  is  changed  into  pure  phenylurazole,  which  melts  at 
263°-265°. 

That  the  methoxy  group  is  at  3-  and  not  at  5-  was  proved 
by  the  fact  that  further  methylation,  by  means  of  diazome thane, 
gives  i-phenyl-3-methoxy-4-methylurazole,  which  melts  at 
95°-96°.  This  proves,  too,  that  the  hydrogen  of  the  i-phenyl- 
3-methoxyurazole  is  chiefly  at  4-  and  not  at  5-.  When  the 
sodium  salt  of  i-phenyl-3-methoxyurazole  is  heated,  in  alco- 
holic solution,  with  methyl  iodide,  at  100°,  the  same  i-phenyl- 
3-methoxy-4-methylurazole,  melting  at  95°-96°,  is  formed. 
A  mixture  of  samples  of  the  i-phenyl-3-methoxy-4-methyl- 
urazole,  prepared  by  the  2  methods,  melts  at  95°-96°,  and 
when  either  sample  is  evaporated  with  alcoholic  hydrochloric 
acid,  the  methoxy  group  at  3-  is  saponified  and  i-phenyl-4- 
methylurazole,  melting  at  223°,  is  obtained. 

Titration:  (i)  0.2482  gram  substance  required  13.8  cc. 
00937  N  sodium  hydroxide;  calculated,  13-87  cc  (2)  0.1075 
gram  substance  required  6.20  cc  008943  N  sodium  hy- 
droxide; calculated,  6-29  cc     Analysis: 

0.0542  gram  substance  gave  12.8  cc  N  at  18°  and  628  mm. 

N 

Potassium  Phenyl- 3-meihoxyurazole,  CgHgNgOaK.HjO. — This 
salt  was  made  by  titrating  i-phenyl-3-methoxyurazole  with  a 
molecular  proportion  of  o.i  N  potassium  hydroxide  and  evap- 
orating the  solution  to  dryness.  When  a  solution  of  the  salt 
was  treated  with  hydrochloric  acid,  the  i -phenyl-3-methoxy- 
urazole  precipitated  out  unchanged,  melting  at  197°.  Analy- 
sis: 

0.1431  gram  substance,  dried  24  hours  in  a  vacuum,  over 
sulphuric  acid,  lost  00 108  gram  H2O  when  heated  2  hours  at 
135°,  and  the  residue  required  6.15  cc  of  009743  N  hy- 
drochloric acid,  with  methyl  orange. 


Calculated  for 
C9H9N3O2. 

Found. 

22.02 

22.52 

Constitution  of  Phenylurazole.  67 

Calctilated  for 
C9H8N3O2K.H2O.  Fotmd. 

HP  7.28  7.55 

K  16.92  16.40 

C„H.N— ^ N 


I  II 

i-Phenyl-4-methylurazole,^       0:C  COH. — This    methyl 

N-CH3 
derivative  was  first  made  by  the  writer  by  heating  phenyl- 
semicarbazide  and  methylacetylurea  together  at  200°.  The 
yield  was  about  20  per  cent,  but  the  substance  can  now  be  made 
nearly  quantitatively  by  heating  any  of  the  following  com- 
pounds with  hydrochloric  acid :  i  -  Phenyl  -  3  -  methoxy  -  4  - 
methylurazole,  i  -  phenyl  -  3  -  ethoxy  -  4  -  methylurazole,  or 
i-phenyl(2  or  3)acetyl-4-methylurazole.  This  methyl  deriva- 
tive can  be  made  best  in  large  quantities  by  boiling  potassium 
i-phenyl-4-methyl-5-thiourazole  with  methyl  iodide  in  50  per 
cent  alcohol.  The  samples  of  i -phen3'l-4-methylurazole  pre- 
pared from  these  substances  all  melt  at  223°-225°,  and  mix- 
tures melt  at  the  same  temperature.  The  substance  is  soluble 
in  benzene  and  chloroform  and  can  be  easily  separated  from 
phenylurazole  by  means  of  these  solvents.  It  can  be  crystal- 
lized very  nicely  from  alcohol  or  water. 

The  i-phenyl-3-ethoxy-4-methylurazole  can  be  made  very 
easily  by  boiling  the  sodium  salt  of  i-phenyl-3-ethoxyurazole 
with  methyl  iodide,  in  alcoholic  water  solution,  or  by  shaking 
the  salt  in  water  solution  with  dimethyl  sulphate.  Mr.  Brunei 
has  found  that  these  methods  can  be  used  with  advantage  for 
the  preparation  of  other  4-alkyl  homologues,  and  that  these 
I  -  phenyl  -  3  -  ethoxy  -  4  -  alkylurazoles  yield  the  corresponding 
i-phenyl-4-alkylurazoles  when  hydrolyzed  with  hydrochloric 
acid.     Analysis: 

I.  0.1284  gram  substance  gave  28 . 2  cc.  N  at  17°  and  636  mm. 

II.  00993  gram  substance  gave  22.8  cc  N  at  19°. 5  and  631 
mm. 

III.  01 31 2  gram  substance  gave  33  cc  N  at  32°  and  613 
mm. 

1  Acree:  This  Journal,  27,  130;  Ber.  d.  chem.  Ges.,  36,  3149. 
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IV.  0.1376  gram  substance  gave  34.5  cc.  N  at  32°  and  614 


Calculated  for 
C9H9N3O2. 

I. 

Fom 
II. 

Id. 
Ill, 

IV. 

22.02 

21.30 

21.84 

21.74 

21  .70 

mm. 


N 

These  analyses  were  made  with  preparations  of  the  following 
origin:  (i)  i-Phenyl-3-acetyl-4-methylurazole,  m.  p.  94°,  and 
hydrochloric  acid.  (II.)  i-Phenyl-3-acetyl-4-methylurazole, 
m.  p.  94°,  and  potassium  hydroxide.  (III.)  Hydrochloric 
acid  and  i-phenyl-3-ethoxy-4-methylurazole  formed  from 
methyl  iodide  and  sodium  -  i-phenyl-3-ethoxyurazole.  (IV.) 
Hydrochloric  acid  and  i-phenyl-3-ethoxy-4-methylurazole  pre- 
pared by  the  interaction  of  diazome thane  and  i-phenyl-3- 
ethoxyurazole. 

i-Phenyl-2-benzoyl-4-methylurazole,  CgHgNsOzCOCeHg.  —  A 
small  amount  of  i-phenyl-4-methylurazole  was  neutralized 
with  potassium  hydroxide,  treated  with  the  calculated  amount 
of  benzoyl  chloride  and  shaken  vigorously.  The  benzoyl  de- 
rivative precipitated  out  at  once  and  when  dry  melted  at  185°. 
It  is  readily  soluble  in  ether  and  alcohol,  but  insoluble  in  water. 
When  it  was  warmed  with  concentrated  hydrochloric  acid, 
the  pure  i-phenyl-4-methylurazole  was  formed  by  hydrolysis. 
Analysis : 

0.1302  gram  substance  gave  15.75  cc.  N  at  13°  and  7441  mm. 

Calculated  for 
CieHisNsOi.  Found. 

N  14.27  14.04 

CfiHgN N 

I  II 

I  -  Phenyl  -  3  -  methoxy  -4-  meihylurazole,  ^    O :  C  COCH3. — 

N-CH3 
This  substance  was  obtained  very  easily  by  adding  solid  phenyl- 
urazole  slowly  to  an  absolute  ether  solution  of  diazomethane. 
When  the  diazomethane  was  all  used  up,  which  was  recog- 
nized by  the  disappearance  of  the  yellow  color  of  the  solution, 
the  ether  was  distilled  off,  the  residue  dissolved  in  alcohol  and 

'  Acree:  Ber.  d.  chem.  Ges.,  36,  3149. 
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the  solution  was  made  slightly  alkaline.  Water  was  added 
to  the  solution  till  it  became  turbid.  When  it  was  cooled, 
I -phenyl- 3-methoxy-4-methylurazole  precipitated  out  in  needles 
and  more  of  the  same  substance  was  extracted  from  the  liquid 
by  means  of  ether.  It  melted  at  95°.  When  the  substance 
was  evaporated  with  alcoholic  hydrochloric  acid,  i-phenyl- 
4-methylurazole,  which  melted  at  223°,  was  formed.  This 
experiment  shows  that  phenylurazole,  in  ether  solution,  proba- 
bly has  the  hydrogens  chiefly  at  3-  and  4-.  A  mixture  of  this 
i-phenyl-3-methoxy-4-methylurazole  and  i-phenyl-3-ethoxy- 
4-methylurazole,  which  melts  at  95°-96°,  melted  at  75°-78°. 

i-Phenyl-3-methoxyurazole,  0.2482  gram,  m.  p.  194°, 
titrated  in  alcohol  against  13.80  cc.  00937  N  sodium  hydrox- 
ide solution  (calculated,  13-87  cc).  Methyl  iodide  was  added 
and  this  solution  was  boiled  several  hours  under  a  return  con- 
denser. The  solution  was  then  evaporated  to  dryness,  taken 
up  in  alcohol,  made  alkaline,  and  cooled.  When  water  was 
added  slowly  a  precipitate  of  i-phenyl-3-methoxy-4-methyl- 
urazole,  which  melted  at  95°-96°,  was  formed.  A  mixture  of 
this  substance  and  the  one  described  above,  melted  at  95°. 
When  this  substance  was  evaporated  several  times  with  alco- 
hoHc  hydrochloric  acid,  i-phenyl-4  -  methylurazole,  which 
melted  at  223°,  was  formed.     Analysis: 

0.0818  gram  substance,  made  from  diazome thane  and  phenyl- 
urazole, gave  17.4  cc.  N  at  19°  and  634  mm. 

Calculated  for 
CJ0HUN3O2.  Fotrnd. 

N  20.52  20.38 

CgHsN NCH3 

I  1 

i-Phenyl-2,4-dimethylurazole,      O  :C  C :  O    . — To  i  gram 

NCH3 
phenylurazole,  in  a  stoppered  bottle,  was  added  an  excess  of 
potassium  hydroxide  solution  and  5  grams  of  neutral  dimethyl 
sulphate.  The  mixture  was  shaken  several  hours  in  a  machine 
till  the  dimethyl  sulphate  disappeared.  Small  quantities 
of  alkali  were  added  from  time  to  time  to  keep  the  solution 
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slightly  alkaline.  The  precipitate  of  the  dimethyl  derivative 
was  filtered  and  dried.  When  crystallized  from  ligroin  it 
melted  at  95°  and  is  probably  identical  with  the  products  ob- 
tained b}'^  Pinner*  and  by  Busch^  by  the  methylation  of  phenyl- 
urazole  alkali  salts  by  means  of  methyl  iodide.  When  evapo- 
rated repeatedly  with  alcoholic  hydrochloric  acid,  there  was 
no  change  in  the  melting  point. 

CeH^N -N 

I  II 

j-Phenyl-3-ethoxyurazole,^     0:C  COC2H5. — This    sub- 

NH 
stance  was  formed  together  with  i-phenyl-3,5-diethoxyura- 
zole,  phenylurazole,  and  probably  some  N-ethyl  derivatives, 
when  silver  phenylurazole  was  treated  with  ethyl  iodide  in 
cold  or  boiling  ether,  or  in  cold  benzene  solution.  It  is  more 
convenient  to  have  some  glass  beads  in  the  flask  containing 
the  solution,  as  the  silver  salts  can  then  be  kept  finely  divided, 
and  the  reaction  can  be  ended  in  2  or  3  days.  The  reaction 
is  never  complete.  The  solution  was  filtered  and  the  residue 
of  the  silver  iodide  was  extracted  2  or  3  times  with  small 
quantities  of  warm  ether,  benzene,  or  chloroform,  and  these 
extracts  were  added  to  the  first  filtrate.  This  solution  was 
then  evaporated  to  dryness,  the  residue  was  dissolved  in  a 
small  volume  of  hot  alcohol  and  phenolphthalein  was  added; 
upon  the  addition  of  an  excess  of  alkali  and  considerable  water, 
i-phenyl-3,5-diethoxyurazole,  which  melted  at  53°,  was  ob- 
tained as  a  precipitate  and  a  small  amount  more  was  then  ex- 
tracted from  the  alkaline  solution  by  means  of  ether.  When 
the  alkaline  solution  was  warmed  to  remove  the  ether  and 
was  treated  with  a  slight  excess  of  sulphuric  acid,  a  precipi- 
tate of  impure  i-phenyl-3-ethoxyurazole  was  formed,  and 
more  was  obtained  from  the  solution  by  extraction  with  ether. 
When  the  impure  i-phenyl-3-ethoxyurazole  was  crystallized 
from  50  per  cent  alcohol  it  came  out  in  needles,  which  melted 
at    151°-! 52°.     Phenylurazole    was    obtained    by    extracting 

'  Ber.  d.  chem.  Ges.,  21,  1223. 

2  Ibid.,  35.  1563. 

»  Acree:  This  Journal,  27,  131;  Si,  185;  32,  606.     Ber.  d.  chem.  Ges.,  36,  3146. 


Constitution  of  Phenylurazole.  71 

the  silver  iodide  residue  with  hot  ethyl  alcohol.  Other  suita- 
ble means  of  separating  these  compounds  have  been  used. 

This  i-phenyl-3-ethoxyurazole  is  identical  with  that  made 
by  Wheeler.  Both  melt  at  152°,  and  a  mixture  melts  at  the 
same  temperature.  Wheeler's  method  is  far  better  for  the 
preparation  of  small  quantities  of  the  substance.  The  com- 
pound is  a  monobasic  acid  and  is  neutralized  by  i  molecular 
proportion  of  alkali,  in  the  presence  of  phenolphthalein.  It 
forms  a  monosilver  salt.  When  evaporated  with  alcoholic 
hydrochloric  acid  it  gives  pure  phenylurazole.  In  this  reac- 
tion ethyl  chloride  is  formed  in  large  quantities,  as  is  also  the 
case  when  any  of  the  other  ethoxyurazoles  are  treated  with 
gaseous  hydrogen  chloride,  or  with  hydrochloric  acid  in  alco- 
hol or  water  solution.  We  are  attempting  to  use  this  reaction 
quantitatively  in  studying  the  hydrolysis  of  the  ethoxyura- 
zoles by  hydrochloric  acid. 

When  silver  i-phenyl-3-ethoxyurazole  is  treated  with  ethyl 
iodide  in  ether  solution,  i-phenyl-3,5-diethoxyurazole,  which 
melts  at  53°,  is  formed.  Through  this  reaction  we  obtain 
light  on  the  rather  unexpected  formation  of  phenylurazole 
and  i-phenyl-3,5-diethox3mrazole  in  the  preparation  of 
i-phenyl-3-ethoxyurazole  from  silver  phenylurazole  and  ethyl 
iodide.  Since  the  i-phenyl-3-ethoxyurazole  is  a  fairly  strong 
acid,  part  of  it  reacts  with  some  of  the  silver  phenylurazole, 
forming  phenylurazole  and  silver  i-phenyl-3-ethoxyurazole, 
and  this  silver  salt  then  reacts  with  ethyl  iodide  and  forms 
I  -phenyl-  3 , 5  -die thoxy u  razole . 

When  the  alkaU  salts  of  i-phenyl-3-ethoxyurazole  are  boiled 
several  hours,  in  alcohol  solution,  with  methyl  iodide,  i-phenyl- 
3-ethoxy-4-methylurazole,  which  melts  at  95°,  is  formed. 
This  gives  us,  for  the  first  time,  proof  that  Wheeler's  ethylated 
phenylurazole  is  the  3-ethoxy  derivative  and  not  the  5-ethoxy 
derivative. 

When  this  i-phenyl-3-ethoxyurazole  is  treated  with  diazo- 
methane  in  ether  solution,  the  same  i-phenyl-3-ethoxy-4- 
methylurazole,  which  melts  at  95°,  is  formed.  This  shows 
that  the  active  hydrogen  atom  of  the  3-ethoxy  compound  is 
probably  chiefly  at  position  4.     Titration  and  analyses: 
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o.iooo  gram  substance,  made  from  silver  phenylurazole, 
required  5.45  cc  0.08943  N  potassium  hydroxide  (indicator, 
phenolphthalein) ;  calculated,  5. 46  cc. 

05000  gram  substance,  made  by  Wheeler's  method,  re- 
quired 25.90  cc.  0.0937  N  sodium  hydroxide;  calculated, 
26.13  cc. 

I.  0.1 1 28  gram  substance,  made  from  silver  phenylurazole, 
gave  23.4  cc.  N  at  13°  and  634  mm. 

II.  0.1463  gram  substance,  made  by  Wheeler's  method, 
gave  34.6  cc  N  at  29°  and  620  mm. 


Calculated  for 
CioHiiNsOz. 

I 

Found. 

II. 

20 

■53 

20. 

44 

21  .02 

N 

Potassium  i  -  Phenyl  -  3  -  ethoxyurazole,  CioHioNgOjK.  2H2O. — 
This  salt  was  prepared  by  titrating  i-phenyl-3-ethoxyurazole 
made  by  Acree's  method,  with  a  molecular  quantity  of  potas- 
sium hydroxide  and  allowing  the  solution  to  evaporate  to  dry- 
ness in  a  desiccator.  The  water  of  crystallization  was  easily 
expelled  by  heating  the  substance  at  135°.  When  a  solution 
of  the  salt  was  treated  with  sulphuric  acid,  a  precipitate  of 
i-phenyl-3-ethoxyurazole,  which  melted  at  151°,  was  ob- 
tained. 

When  this  salt  was  boiled  in  dilute  alcoholic  solution,  with 
methyl  iodide,  i-phenyl-3-ethoxy-4-methylurazole  was  formed. 

When  a  water  solution  of  this  salt  was  treated  with  a  molecu- 
lar quantity  of  silver  nitrate,  the  corresponding  silver  salt 
was  formed.     Analysis: 

0.1393  gram  substance,  heated  2  hours  at  135°,  lost  0.0182 
gram  H2O,  and  the  residue  required  5.00  cc  0.1004  N  sulphuric 
acid  (indicator,  methyl  orange)  to  give  a  pink  color. 

Calculated  for 
C,f,HioN302K.2H20.  Found. 

HjO  1 2 . 90  1 3 • 06 

K  14.01  14. II 

Silver  Phenyl-j-ethoxyurazole,  CioHioNgOjAg.HjO. — This  salt 
was  made  as  follows:  One  gram  of  i-phenyl-3-ethox)mrazole, 
made  by  Wheeler's  method,  was  titrated  with  the  requisite 
amount  of  sodium  hydroxide  solution  to  give  a  red  color  in  the 
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presence  of  phenolphthalein ;  when  a  solution  of  09  gram  of 
silver  nitrate,  in  water,  was  added  slowly,  with  stirring,  to 
this  solution,  the  silver  salt  precipitated  out  as  a  light  yellow 
powder.  This  was  filtered  off,  washed  well  with  water,  and 
allowed  to  dry  on  a  clay  plate.  The  salt  has  a  molecule  of 
water  of  crystalUzation,  which  is  easily  expelled  at  120°. 

When  the  dry  silver  salt  is  treated  with  ethyl  iodide,  in 
ether  solution,  i-phenyl-3,5-diethoxyurazole,  which  melts  at 
52  °,  is  formed.     Analysis : 

I.  0.1585  gram  substance  gave  0.0525  gram  Ag. 
II.  0.1516  gram  substance  gave  0.0501  gram  Ag. 

III.  0.1539  gram  substance,  dried  at  120°,  gave  0.0526 
gram  Ag. 

Calculated  for  Found. 

CioHioNaOzAg.HzO.  I.  II. 

Ag  32.68  33.12  33.05 

Calculated  for  Found. 

CioHioN302Ag.  III. 

Ag                                   3458                                      34-18 
"      CsH^N N 

I  I! 

I  -  Phenyl  -  3  -  ethoxy  -  4.  -  methylurazole ,  *      O :  C  CO  CjHg. — 

N-CH3 
I.  A  half  gram  of  i-phenyl-3-ethoxyurazole,  in  alcohol,  was 
titrated  with  25.90  cc.  00937  N  sodium  hydroxide,  in  the 
presence  of  phenolphthalein  (calculated,  26.13  cc),  and  i 
gram  of  methyl  iodide  was  added  to  the  solution.  The  mix- 
ture was  boiled  under  a  return  condenser  for  6  hours  and 
small  amounts  of  potassium  hydroxide  solution  and  methyl 
iodide  were  added  from  time  to  time.  The  solution  was 
evaporated  to  dryness,  the  residue  was  treated  with  water 
and  filtered  and  0.45  gram  of  i-phenyl-3-ethoxy-4-methyl- 
urazole  was  obtained  as  a  solid  insoluble  in  water.  When  re- 
crystallized  from  50  per  cent  alcohol,  containing  a  small  amount 
of  alkali,  the  substance  was  obtained  in  fine  leaflets,  that 
melted  at  95°-96°.  When  mixed  with  a  sample  of  the  sub- 
stance, which  melted  at  94°,  made  by  the  action  of  diazo- 

1  Acree:  Bar.  d.  chem.  Ges.,  36,  3148. 
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methane  on  i-phenyl-3-ethoxyurazole,  the  mixture  melted 
at  94°-95°  A  sample  of  the  substance  was  evaporated  with 
alcoholic  hydrochloric  acid  for  i  hour  and  was  converted  into 
the  i-phenyl-4-methylurazole,  which  melted  at  223°-224°. 
The  compound  is  soluble  in  nearly  all  of  the  organic  solvents, 
but  insoluble  in  water.  This  experiment  has  been  repeated 
several  times  with  the  same  results,  whether  Acree's  or  Wheel- 
er's i-phenyl-3-ethoxyurazole  is  used. 

II.  To  0.5  gram  phenyl-3-ethoxyurazole  was  added  slightly 
more  than  enough  alkali  to  neutralize  the  urazole,  and  then  5 
grams  of  neutral  dimethyl  sulphate.  The  bottle  was  shaken 
3  hours  in  a  shaking  machine  and  small  portions  of  alkali 
were  added  intermittently  to  keep  the  solution  always  slightly 
alkaline.  At  the  end  of  this  time  all  of  the  dimethyl  sulphate 
had  been  used  up  and  a  granular  precipitate  of  i-phenyl-3- 
ethoxy-4-methylurazole  was  obtained.  This  melted,  without 
recrystallization,  at  95^-96°,  and  at  the  same  temperature 
when  mixed  with  a  sample  made  by  Method  I.  The  substance 
is  soluble  in  dimethyl  sulphate.  A  yield  of  0.52  gram  was 
obtained,  which  is  nearly  the  theoretical.  This  method  has 
been  used  a  number  of  times  for  preparing  i-phenyl-3-ethoxy- 
4-methylurazole  in  large  quantities  and  has  proved  to  be  very 
satisfactory. 

III.  The  action  of  diazomethane  on  i-phenyl-3-ethoxy- 
urazole  was  studied  to  try  to  learn  the  position  of  the  hydrogen 
in  the  urazole  ring.  Since  in  the  ether  solution  the  urazole  is 
not  appreciably  ionized,  the  determination  of  the  ratio  of  the 
amounts  of  the  2  methylation  products,  namely,  i-phenyl-3- 
ethoxy-4-methylurazole  and  i-phenyl-3-ethoxy-5-methoxy- 
urazole,  would  give  us,  probably,  approximately,  the  relative 
amounts  of  keto  and  enol  forms,  respectively, 

— NHCO—    ^    — N:C(OH)— 

existing  in  equilibrium  with  each  other  in  the  4, 5 -amide  group 
in  i-phenyl-3-ethoxyurazole.  If,  for  instance,  in  phenyl-3- 
ethoxyurazole  in  ether  solution  0.9  of  the  hydrogen  were  at  4- 
(in  XVI.),  and  o.i  were  at  5-  in  the  enol  form,  and  if  the  2  forms 
react  equally  readily  with  diazomethane,  then  we  should  obtain 
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by  the  action  of  diazomethane  on  i-phenyl-3-ethoxyurazole, 
9  parts  of  i-phenyl-3-ethoxy-4-methylurazole  and  i  part  of 
i-phenyl-3-ethoxy-5-methoxyurazole. 

i-Phenyl-3-ethoxyurazole,  in  ether,  was  treated  with  an 
ether  solution  of  diazomethane.  There  was  a  vigorous  evolu- 
tion of  nitrogen  and  the  diazomethane  was  used  up  at  once. 
The  ether  was  evaporated  ofif,  the  residue  was  dissolved  in  alco- 
hol, made  slightly  alkaline  with  potassium  hydroxide  and 
the  mixture  evaporated  to  dryness.  The  residue  was  digested 
with  water  to  remove  the  soluble  alkali  salts  and  filtered. 
The  i'i-phenyl-3-ethoxy-4-methylurazole  remaining  on  the  fil- 
ter was  recrystalUzed  from  50  per  cent  alcohol  containing 
some  potassium  hydroxide.  It  was  obtained  as  leaflets, 
which  melted  at  94°;  when  mixed  with  a  sample  prepared  in 
the  preceding  experiments,  it  melted  at  94°-95°.  Some  of 
this  substance  was  evaporated  twice  with  concentrated  alco- 
holic hydrochloric  acid;  the  ethoxy  group  at  3-  was  saponified 
and  pure  i-phenyl-4-methylurazole,  which  melted  at  223°- 
224°,  was  formed.  This  i-phenyl-4-methylurazole  melted 
at  the  same  temperature  when  mixed  with  a  sample  prepared 
by  another  method.  A  mixture  of  this  i-phenyl-3-ethoxy- 
4-methylurazole,  melting  at  95°,  and  i-phenyl-3-methoxy-4- 
methylurazole,  which  melted  at  95°,  fused  at  75°-78°. 

The  alcoholic  filtrate  from  the  above  i-phenyl-3-ethoxy-4- 
methylurazole  was  evaporated  to  dryness,  the  residue  was 
washed  well  with  water  and  then  evaporated  with  alcoholic 
hydrochloric  acid.  When  this  residue  was  extracted  with 
chloroform  a  very  small  amount  of  slightly  impure  phenyl- 
urazole was  obtained.  A  small  amount  of  i-phenyl-3-ethoxy- 
5-methylurazole  was,  therefore,  formed  in  this  experiment, 
and  when  saponified  by  hydrochloric  acid,  it  gave  the  phenyl- 
urazole. By  the  action  of  diazomethane,  then,  on  phenyl-3- 
ethoxyurazole,  we  obtain  a  large  amount  of  i-phenyl-3-ethoxy- 
4-methylurazole  and  only  a  very  small  quantity  of  i-phenyl-3- 
ethoxy-5-methoxyurazole.  This  shows  that  in  ether  solution 
nearly  all  of  the  i-phenyl-3-ethoxyurazole  exists  as  the  keto 
form  with  the  hydrogen  at  4-  (XVI.)  and  only  a  very  small 
amount  of  the  substance  exists  in  the  enol  form  with  the  hy- 
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drogen  atom  at  5-  (I.).  The  contrast  in  the  behavior  of  this 
4,5-amide  group  in  phenyl-3-ethox)mrazole,  i-phenyl-3- 
methox3'^urazole,  i-phenyl-3-thiomethylurazole,  i-phenyl-2- 
acetylurazole,  phenylurazole  and  i-phenyl-3-thiourazole,  with 
the  behavior  of  the  2,3-amide  group  in  phenylurazole  and 
phenyl-3-thiourazole  is  very  striking.  Diazomethane  con- 
verts all  the  compounds  containing  the  4,5-amide  group 
chiefly  into  4-methyl  derivatives,  with  only  a  trace  of  5-meth- 
oxy  derivatives.  Diazomethane  converts  all  the  compounds 
containing  the  2,3-amide  group  chiefly  into  3-methoxy  or 
3-thiomethyl  derivatives,  with  only  a  trace  of  2-methyl  de- 
rivatives. The  conclusion  to  be  drawn  is  that  the  2,3-amide 
group  reacts  toward  diazomethane  chiefly  in  the  enol  form, 
whereas  the  4,5-amide  group  reacts  chiefly  as  the  keto  form. 
Analysis : 

I.  0.1203  gram  substance,  made  by  the  action  of  methyl 
iodide  and  potassium  hydroxide  on  Wheeler's  i-phenyl-3- 
ethoxyurazole,  gave  26.4  cc.  N  at  30°  and  617  mm. 

II.  0.0721  gram  substance,  made  by  the  action  of  methyl 
iodide  and  sodium  hydroxide  on  Acree's  i-phenyl-3-ethoxy- 
urazole,  gave  14.9  cc.  N  at  22°  and  630  mm. 

III.  0.1129  gram  substance,  made  by  the  action  of  diazo- 
methane on  Wheeler's  phenyl-3-ethox)nirazole,  gave  25  cc. 
N  at  33°  and  612  mm. 


Calculated  for 

CuH,3N302. 

I. 

Found. 
II. 

III. 

19.22 

19-31 

19.00 

19 -39 

N 

CgHgN NCH, 

I  I 

j-Phenyl-2-methyl-4-ethylurazole,       0:C  C:0    . — Xo     i 

NC2H5 
gram  i-phenyl-2-methylurazole,  which  melted  at  i85°-i88°, 
was  added  a  drop  of  phenolphthalein  and  5.55  cc.  0.907  N 
potassium  hydroxide  (calculated,  5.75  cc).  To  this  solution  was 
added  an  equal  volume  of  alcohol  and  i  gram  of  ethyl  iodide, 
and  the  mixture  was  boiled  for  several  hours  under  a  return 
condenser.     From  time  to  time  a  suf&cient  quantity  of  alkali 
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was  added  to  keep  the  solution  slightly  alkaline.  The  mix- 
ture was  made  alkaline  and  evaporated  to  dryness  and  the 
oily  i-phenyl-2-methyl-4-ethylurazole,  which  separated  out, 
soon  solidified.  This  solid  was  filtered  from  the  alkaline  solu- 
tion and  crystallized  from  dilute  alcohol  made  sUghtly  alka- 
line. It  then  melted  at  113°.  When  this  substance  was  evap- 
orated twice  with  concentrated  hydrochloric  acid,  the  melting 
point  was  not  changed,  this  fact  proves  that  the  ethyl  group 
entered  at  position  4-  and  not  at  3-  or  5-.     Analysis: 

0.0984  gram  substance  gave  16.  i  cc.  N  at  16°  and  773.4 
mm.  (uncorr.). 

Calculated  for 
CiiHjsNsOz.  Found. 

N  19.21  1940 


i-Phenyl-3,5-diethoxyurazole,^  C2H5OC  COCjHg. — It  has 

N 
already  been  explained  that  this  substance  is  formed  in  small 
quantities  in  the  preparation  of  phenyl-3-ethoxyurazole  from 
silver  phenylurazole  and  ethyl  iodide. 

Well  dried  silver  i-phenyl-3-ethoxyurazole  and  ethyl  iodide, 
in  cold  ether  solution,  stood  3  days.  The  solution  was  fil- 
tered and  the  silver  iodide  mass  was  extracted  3  times  with 
warm  ether.  The  combined  ether  solutions  were  evaporated 
to  dryness.  The  residue  was  dissolved  in  alcohol,  filtered, 
made  slightly  alkaline  with  potassium  hydroxide,  and  was 
treated  slowly  with  an  excess  of  water  with  vigorous  stirring. 
The  mass  of  fine  needles  which  separated  out  was  filtered  off 
and  dried  on  a  clay  plate.  The  substance  melted  at  52°- 
53°,  whether  alone  or  mixed  with  samples  prepared  by  the 
other  methods.  This  method  will  be  used  in  the  attempt  to 
prepare  i-phenyl-3,5-dialkoxyurazoles,  in  which  the  2  alkyl 
groups  are  different. 

Disilver  phenylurazole  can  be  treated  with  ethyl  iodide, 
in  ether  solution,  or  this  mixture  can  be  boiled  under  a  return 

>  Acree:  This  Journal,  31,  185;  32,  606.  Ber.  d.  chem.  Ges.,  36,  3148.  Wheeler 
and  Johnson:  This  Journal,  30,  24. 
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condenser,  during  i  week.  The  i-phenyl-3,5-diethoxyura- 
zole  was  purified  in  a  manner  similar  to  that  described  in  the 
2  preceding  experiments;  it  melted  at  53°,  whether  alone  or 
in  mixture  with  the  2  preceding  substances.  This  method 
gives  a  yield  of  30  to  40  per  cent  and  will  be  used  in  an  attempt 
to  prepare  other  i-phenyl-3,5-dialkoxyurazole  homologues. 

i-Phenyl-3,5-diethoxyurazole  is  very  soluble  in  benzene, 
ether,  and  alcohol,  but  insoluble  in  water.  When  evaporated 
with  alcoholic  hydrochloric  acid,  pure  phenylurazole  is  formed. 
The  substance  possesses  magnetic  properties  to  a  degree  for- 
tunately not  often  seen  in  organic  substances.  If  the  crys- 
tals are  pressed  out  on  a  clay  plate  and  gently  pulverized  and 
are  then  disturbed  with  a  spatula  or  a  magnet,  a  great  part 
of  the  substance  flies  in  all  directions,  while  part  adheres  very 
firmly  to  the  spatula  or  magnet.  By  stirring  the  material 
very  gently  with  the  spatula  some  time,  the  magnetic  proper- 
ties seem  to  disappear  and  the  material  can  be  handled  with- 
out inconvenience.  When  i-phenyl-3,5-diethoxyurazole  is 
heated  in  alcohol,  with  i  molecular  quantity  of  hydrochoric 
acid,  the  ethoxy  group  at  5-  is  saponified  and  ethyl  chloride 
and  i-phenyl-3-ethoxyurazole  are  formed,  practically  quan- 
titatively. This  subject  will  be  treated  at  length  in  another 
section.     Analysis : 

I.  0.128 1  gram  substance,  made  by  the  action  of  ethyl  iodide 
on  silver  phenyl-3-ethoxyurazole,  gave  26.2  cc.  N  at  29°  and 
620  mm. 

II.  0.0727  gram  substance,  made  by  the  action  of  ethyl 
iodide  on  disilver  phenylurazole,  gave  14.8  cc.  N  at  28°  and 
620  mm. 

III.  0.1105  gram  substance,  made  by  the  action  of  ethyl 
iodide  on  silver  phenylurazole,  gave  20.7  cc.  N  at  16°  and 
634  mm. 


N 

Calculated  for 
C.2H15N3O2. 

18.05 

Found. 
I.                       II. 

18.19             18.21 

III. 
18.19 

On 

the   Acetyl 

Derivatives 
with  Mr. 

of   Phenylurazole: 
Frederick  Laist. 

In 

Conjunction 

In  the  first  publication^  on  the  urazoles  it  was  stated  that 

1  Acree:  This  Journal,  27,  118. 


Constitution  of  Phenylurazole.  79 

when  silver  phenylurazole  was  allowed  to  react  with  acetyl 
chloride,  in  cold  benzene,  and  the  solution  was  filtered,  evapo- 
rated and  dried  in  a  desiccator,  an  oil  was  obtained  which 
would  not  solidify.  A  nitrogen  determination  gave  19-35 
per  cent;  calculated  for  a  monoacetyl  derivative,  N  =  19.21 
per  cent.  This  oil  seemed  to  be  very  much  more  readily 
hydrolyzed  than  the  i-phenylacetylurazole,  melting  at  175°, 
and  was,  therefore,  thought  to  be  the  i-phenyl-3-oxyacetyl- 
urazole,  and  the  acetyl  derivative,  m.  p.  175°,  was  supposed  to 
be  the  i -phenyl- 2 -acetylurazole.  The  acetyl  group  was  thought 
to  be  in  position  2-,  rather  than  4-,  because  2-alkyl  derivatives 
were  produced  by  the  alkylation  of  phenylurazole  salts  by 
alkyl  halides  at  high  temperatures.  The  experiment  was  after- 
wards repeated^  and  there  was  obtained  chiefly  i-phenyl- 
acetylurazole,  melting  at  175°,  together  with  small  amounts 
of  phenyldiacetylurazole  and  phenylurazole.  Shortly  before 
this  an  article  had  appeared  by  Wheeler  and  Johnson^  in  which 
they  questioned  the  results  of  the  writer  and  stated  that  they 
obtained  by  this  reaction  phenylurazole  and  a  labile  phenyl- 
diacetylurazole. The  writer  then  repeated^  the  former  ex- 
periment and  obtained  again  as  the  chief  reaction  product 
i-phenylacetylurazole,  and  small  amounts  of  phenylurazole 
and  phenyldiacetylurazole,  but  none  of  the  labile  diacetyl 
derivatives  described  by  Wheeler  and  Johnson. 

Mr.  Frederick  Laist,  working  under  the  direction  of  the  writer, 
in  the  University  of  Utah,  in  continuing  these  investigations, 
made  some  phenylacetylurazole  melting  at  173°,  according 
to  the  directions  of  Cuneo,  and  treated  this  with  diazometh- 
ane.  i-Phenylacetyl-4-methylurazole,*  melting  at  94°,  was 
formed.  When  this  substance  was  fused  it  quickly  resolidified 
and  was  thereby  transformed  into  an  isomer,  melting  at  113°- 
115°,  identical  with  Busch's^  i-phenylacetyl-4-methylurazole, 
m.  p.  ii3°-ii5°,  made  by  acetylating  i-phenyl-4-methyl- 
urazole.     The  same  rearrangement  of  the  acetyl  derivative  of 

1  Acree:  Ber.  d.  chem.  Ges.,  36,  3143. 

'  This  Journal,  30,  24. 

«  Acree:  Ibtd.,  31,  185;  32,  606. 

*  Acree:  Ber.  d.  chem.  Ges.,  36,  3143. 

0  Ibid.,  34,  2333. 
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the  compound  melting  at  94°  was  found  to  have  taken  place 
when  the  substance  stood  for  some  months.  When  the  writer 
attempted  to  repeat  Mr.  Laist's  experiment,  later,  in  the  Uni- 
versity of  Berlin,  no  94°  m.  p.  i-phenylacetyl-4-methylura- 
zole  could  be  obtained;  the  113°-!  15°  m.  p.  isomer  was  always 
the  only  product  isolated. 

All  experiments  with  i-phenyl-4-methylurazole,  or  its  salts, 
and  acetyl  chloride  or  acetic  anhydride,  whether  in  benzene 
or  in  ether  solution,  whether  at  a  low  or  a  high  temperature, 
gave  only  the  i-phenylacetyl-4-methylurazole,  m.  p.  113°- 
115°;  the  isomer,  m.  p.  94°,  was  never  isolated  in  these  ex- 
periments. It  is  believed  that  the  i-phenylacetylurazole, 
m.  p.  175°,  and  the  i-phenylacetyl-4-methylurazole,  m.  p. 
ii3°-ii5°,  are  probably  mixtures  of  the  isomeric  3-oxyacetyl 
and  the  2 -acetyl  derivatives,  melting  at  the  fusing  point  of 
the  more  stable  form.  A  mixture  of  the  labile  phenylacetyl- 
4-methylurazole,  m.  p.  94°,  and  the  stable  form,  m.  p.  113°- 
115°,  would  melt  at  113°-!  15°,  because  at  temperatures 
close  to  94°  this  labile  form  would  immediately  change  into 
the  stable  form.  The  melting  point  of  a  mixture  of  these  iso- 
mers would,  then,  give  no  clue  as  to  the  amount  of  each  pres- 
ent, but  a  study  of  the  rate  of  hydrolysis  of  these  acetyl  de- 
rivatives by  acids  or  alkalies  might  offer  a  method  for  deter- 
mining if  any  specimen  is  a  mixture.  The  rate  of  hydrol- 
ysis of  the  3-oxyacetyl  derivative  might  be  different  from  that 
for  the  2-acetyl  isomer,  and  probably  greater  than  it,  and, 
consequently,  the  rate  of  hydrolysis  of  a  mixture  would  not 
be  uniform  as  in  the  case  of  a  single  isomer.  A  study  of  these 
and  other  acyl  derivatives  will  be  taken  up  from  this  point  of 
view  to  determine  if,  in  acyl  derivatives  of  tautomeric  com- 
pounds, there  are,  in  some  cases,  really  2  isomeric  acyl  de- 
rivatives. 

It  is  evident,  then,  that  unknown  differences  in  condition 
play  very  important  parts  in  the  formation  of  these  phenyl- 
acetylurazoles,  and  a  number  of  experiments,  under  varying 
conditions,  were  undertaken  to  secure  more  light  on  this  sub- 
ject; the  results  of  this  work  are  now  given. 

The  writer  has  no  disposition  to  question  the  facts  as  pre- 
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sented  by  Wheeler  and  Johnson.  It  was  pointed  out  that 
Wheeler  and  Johnson  were  working  with  impure  silver  phenyl- 
urazole, and  the  conditions  employed  by  these  writers  could 
probably  never  be  duplicated  again.  The  case  is  exactly  anal- 
ogous to  that  discovered  by  Remsen^  and  Kuhara;  iso- 
phthaUmide, 


/        \ 


-C:NH 
>0 


\  /-C(0) 

\ / 


was  made  once  and  was  transformed  into  phthalimide,  but 
even  after  many  experiments  Remsen  and  Kuhara  could  never 
duphcate  the  conditions  necessary  to  give  them  again  the 
isophthaUmide.  The  writer  has  tried  very  carefully  to  find 
the  conditions  by  which  pure  silver  phenylurazole  and  acetyl 
chloride  could  be  made  to  yield  Wheeler  and  Johnson's  labile 
phenyldiacetylurazole . 

In  general,  however,  it  may  be  stated  that  under  all  condi- 
tions pure  silver  phenylurazole  and  acetyl  chloride  gave  only 
pure  phenylacetylurazole,  m.  p.  175°,  with  sometimes  small 
amounts  of  phenylurazole  and  phenyldiacetylurazole  and  not 
the  products  described  by  Wheeler  and  Johnson. 

CfiHgN NCOCH3 

i-Phenyl-2-acetylurazole,^      0:C  C:0         . — Ten  grams 

NH 
of  phenylurazole  were  boiled  i  hour  with  20  grams  of  acetic 
anhydride  in  a  flask,  under  a  return  condenser.  In  this  reac- 
tion phenylurazole  was  converted  into  a  mixture  of  i -phenyl- 
acetylurazole and  I -phenyldiacetylurazole.  The  mass  was 
evaporated  with  alcohol,  one  acetyl  group  of  i -phenyldiacetyl- 
urazole was  saponified  away  very  much  more  easily  than  the 
other,  and  i -phenyl- 2 -acetylurazole  was  formed,  which  is  not 

1  This  Journal,  3,  26;  9,  51 ;  26,  454. 

2  Cuneo:  Centrabl.,  1898, 1,,  38.     Thiele  and  Schleussner:  Ann.  Chem.    (Liebig), 
295.  171. 
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readily  saponified  under  these  conditions.  The  mass  was 
digested  with  300  cc.  of  benzene  several  hours,  the  benzene 
was  filtered  and  cooled,  and  the  precipitate  of  i-phenylacetyl- 
urazole  was  filtered  off.  The  mass  was  extracted  several 
times  with  the  same  benzene  solution  and  the  various  crops 
of  i-phenylacetylurazole  were  examined;  all  were  apparently 
alike  and  melted  at  i73°-i75°-  The  benzene  solution  used 
for  the  extractions  contained  some  i-phenyldiacetylurazole, 
which  is  very  soluble  in  benzene.  The  benzene  is  held  some- 
what tenaciously  by  the  i-phenyl-2-acetylurazole,  but  it 
evaporates  in  a  desiccator  holding  parafiin,  or  in  the  open  air. 
An  attempt  was  made  to  free  the  fresh  samples  from  the  ben- 
zene by  heating  the  samples  in  watch-glasses  in  an  air-bath, 
heated  by  a  gas  flame,  but  it  was  found  that  the  hot  water 
vapor  from  the  flame  saponified  the  acetyl  derivative  into 
acetic  acid  and  phenylurazole. 

i-Phenyl-2-acetylurazole  is  a  monobasic  acid  and  in  the 
presence  of  phenolphthalein  titrates  sharply  against  i  mole- 
cule of  alkali.  It  forms  a  monosilver  salt.  Cold  neutral  solu- 
tions of  the  alkali  salts  are  very  stable,  hardly  any  hydrolysis 
of  the  acetyl  group  occurring  in  12  hours.  A  sample  of  the 
i-phenylacetylurazole,  melting  at  173°,  titrated  against  the 
theoretical  amount  of  o.  i  N  potassium  hydroxide  in  the  pres- 
ence of  phenolphthalein.  Half  of  this  solution  was  acidified  and 
the  I-phenylacetylurazole  precipitated  out;  when  dry,  it  melted 
at  1 7 1  °.  The  other  half  of  the  solu  tion  stood  over  night ;  the  pink 
color  had  faded,  but  it  required  only  i  drop  of  o.  i  N  potassium 
hydroxide  to  restore  the  pink  color.  This  solution  was  then  acidi- 
fied and  a  precipitate  of  the  i-phenyl-2-acetylurazole  was  formed, 
which  melted  at  i'ji°-i'j2°  when  dry.  When  a  molecule  of 
potassium  hydroxide  is  added  to  a  solution  of  an  alkali  salt  of 
the  acetyl  derivative  and  the  solution  is  heated,  the  acetyl 
group  is  saponified  off  and  phenylurazole  is  formed. 

The  i-phenyl-2-acetylurazole  is  not  very  readily  hydrolyzed 
when  heated  in  alcohol  or  water.  Nearly  0.45  gram  of  acetyl 
derivative,  melting  at  173°,  was  dissolved  in  25  cc.  of  alcohol 
and  to  this  was  added  25  cc.  of  water.  This  solution  was  evap- 
orated to  dryness  on  a  water-bath  in  42  minutes.     Crystals 
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appeared  at  the  edge  of  the  liquid  before  the  end  of  the  opera- 
tion. When  the  dish  stood  in  a  desiccator  2  days  crystals  at 
the  edge  melted  at  i63°-i65°,  showing  the  presence  of  con- 
siderable phenylurazole  formed  by  hydrolysis,  but  the  main 
portion  in  the  center  of  the  dish  melted  at  i69°-i7i°.  The 
substance  is  readily  soluble  in  hot  benzene,  cold  ether,  chloro- 
form, alcohol,  but  somewhat  difl&cultly  soluble  in  cold  ben- 
zene, ligroin  and  water.  i-Phenyldiacetylurazole  is  difficultly 
soluble  in  very  cold  ether,  but  easily  soluble  in  benzene,  and 
can,  therefore,  be  separated  from  the  i-phenyl-2-acetylura- 
zole  very  easily. 

In  a  former  paper  it  was  stated  that  diazomethane  and 
i-phenyl-2-acetylurazole  yield  i-phenylacetyl-4-methylura- 
zole.  This  proves  that  the  acetyl  group  belongs  to  the  2,3- 
amide  group  and  not  to  the  4, 5 -amide  complex.  The  assump- 
tion that  the  acetyl  is  at  position  2  is  only  one  of  convenience. 
It  is  believed  that  all  of  these  samples  are  mixtures  of  both 
forms,  in  some  samples  the  2 -acetyl  derivative  occurring  in 
excess  and  in  others  the  3-oxyacetyl  being  the  chief  constit- 
uent, the  ratio  varying  with  the  conditions  attending  the  forma- 
tion of  the  samples.  It  is  probable  that  the  sample  methyl- 
ated by  means  of  diazomethane  in  Utah  by  Mr.  Laist,  and 
yielding  the  i-phenylacetyl-4-methylurazole,  m.  p.  94°,  was 
chiefly  i-phenyl-3-oxyacetylurazole.  The  other  samples 
methylated  by  the  writer  may  have  been  chiefly  i-phenyl-2- 
acetylurazole.  The  dijfferences  in  climate,  barometric  pressure, 
experimental  conditions,  etc.,  between  the  work  in  the  Rocky 
Mountains  and  in  Berlin  may  have  affected  the  results.  This 
will  be  investigated  further.     Titrations: 

1.  0.1895  gram  substance  required  8.70  cc.  0.0997  N  alkali 
to  give  a  red  color  (phenolphthalein)  and  8.76  cc.  to  eliminate 
the  acetyl  group;  calculated,  8.67  cc,  for  each  titration. 

2.  0.3126  gram  substance  required  14.35  cc.  0.0997  N 
alkali  (phenolphthalein) ;  calculated,  14.32  cc. 

3.  0.1347  gram  substance  required  6.14  cc.  0.0997  N  alkali 
(phenolphthalein);  calculated,  6.17  cc. 

4.  2.1284  grams  substance  required  98.2  cc.  0.0997  N  alkali 
(phenolphthalein) ;  calculated,  98  cc. 
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5.  0.2001  gram  substance  in  alcohol  required  5.37  cc.  0.1691 
N  sodium  alcoholate  in  alcohol  (phenolphthalein) ;  calculated, 
5.40  cc. 

6.  5  grams  substance  dissolved  in  cold  alcohol  required 
22.80  cc.  I. o  N  potassium  hydroxide  (phenolphthalein);  cal- 
culated, 22.83  cc. 

Analysis : 

0.1327  gram  substance,  m.  p.  173°,  gave  29.4  cc.  N  at  32° 
and  612  mm. 


Calculated  for 
C10H9N3O3. 

Found. 

19.22 

19. II 

N 

On  the  Action  of  Acetyl  Chloride  on  Silver  Phenylurazole. — 
Wheeler  and  Johnson  state  that  by  the  action  of  acetyl 
chloride  on  silver  phenylurazole  they  obtain  no  phenylacetyl- 
urazole,  the  normal  reaction  product,  but  a  labile  i-phenyl- 
diacetylurazole  melting  at  115°.  The  writer  has  never  ob- 
served the  formation  of  this  labile  diacetyl  derivative,  but 
always  obtains,  as  the  chief  reaction  product,  i-phenylacetyl 
urazole,  m.  p.  1 75  °,  sometimes  accompanied  by  small  amounts 
of  phenylurazole  and  phenyldiacetylurazole. 

I.  When  1.5  grams  silver  phenylurazole  was  boiled  i  hour 
with  0.5  gram  acetyl  chloride,  in  20  cc.  of  benzene,  the  silver 
salt  seemed  to  be  converted,  nearly  completely,  into  silver 
chloride.  The  solution  was  filtered  hot  and,  on  cooling;, 
needles  of  the  phenylacetylurazole  were  formed  which  melted 
at  173°  alone  or  mixed  with  another  sample.  The  silver 
residue  was  extracted  a  second  time  with  benzene,  the  solu- 
tions were  combined  and  evaporated  to  dryness  in  a  desiccator 
over  parafiin.  The  residue  was  crystallized  once  from  ben- 
zene and  then  melted  at  i72°-i73°,  whether  alone  or  in  mix- 
ture.    Titration : 

0.0675  gram  substance  required  3.31  cc.  0.0937  N  sodium 
hydroxide  for  neutralization  (phenolphthalein)  and  then  3.08 
cc.  to  saponify  the  acetyl  group;  calculated,  3.28  cc.  for  each 
titration.  When  this  solution  was  acidified  pure  phenylura- 
zole, melting  at  263°,  was  obtained. 
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II.  When  4  grams  of  silver  phenylurazole  were  suspended 
2  months  in  absolute  ether  containing  2  molecular  portions  of 
acetyl  chloride,  the  solution  was  filtered  and  evaporated. 
The  residue  melted  at  172°-!  73°,  whether  alone  or  mixed 
with  another  sample,  m.  p.  173°,  and  at  8o°-95°,  when  mixed 
with  a  sample  of  phenyldiacetylurazole,  m.  p.  164°.  The 
residue  was  extracted  with  hot  chloroform,  and  a  small  amount 
of  phenylurazole,  insoluble  in  chloroform,  melting  at  262°, 
was  found.  The  chloroform  solution  was  evaporated  to  a 
small  volume  and  benzene  was  added ;  a  precipitate  of  the 
i-phenyl-2-acetylurazole  was  formed,  which  melted  at  176°- 
177°  alone,  and  at  175°  when  in  admixture  with  a  sample 
melting    at    173°.     Titration: 

o.iooo  gram  substance  in  cold  alcohol  required  4.90  cc. 
0.0937  N  sodium  hydroxide  to  neutralize  and  4.80  cc.  to  re- 
move the  acetyl  group;  calculated,  4.87  cc.  for  each  titration. 
The  alkaline  solution  gave  pure  phenylurazole,  m.  p.  262°, 
when  acidified. 

III.  When  1.5  grams  silver  phenylurazole  were  added  to  20 
cc.  benzene  containing  0.75  gram  of  acetyl  chloride,  the  solu- 
tion became  warm.  The  mixture  was  agitated  for  3  days, 
and  filtered,  and  the  silver  chloride  residue  was  washed  well 
twice  with  benzene.  When  the  silver  chloride  residue  was 
extracted  twice  with  hot  chloroform,  and  the  solution  was 
evaporated,  0.82  gram  phenylacetylurazole  was  obtained, 
which  melted  at  174°  alone  and  at  174°-!  75°  when  in  admix- 
ture with  a  sample  melting  at  176°.  The  benzene  solutions 
were  united  and  evaporated  in  a  desiccator  over  paraiBfin;  a 
residue  of  0.20  gram  i -phenyldiacetylurazole,  melting  at  i6o°- 
162°,  alone  or  in  admixture  with  another  sample,  was  obtained. 
The  silver  chloride  residue  was  finally  extracted  with  hot  alco- 
hol, filtered,  and  water  was  added  to  the  filtrate;  a  precipitate 
of  o.io  gram  of  phenylurazole,  melting  at  263°,  was  found. 
Titration : 

o.iooo  gram  phenylacetylurazole  stood  i  hour  in  alcohol; 
it  then  required  5.17  cc.  0.0937  N  sodium  hydroxide  to  neu- 
tralize (phenolphthalein),  and  a  total  of  9.62  cc.  to  neutralize 
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and  eliminate  the  acetyl  group;  calculated,  4.87  cc.  and  9.74 
CO.,  respectively. 

rV.  When  lo  grams  of  silver  phenylurazole  were  boiled  3 
hours  in  ether  solution  with  5  grams  of  acetyl  chloride,  the 
reaction  seemed  to  be  complete.  The  solution  was  filtered, 
the  silver  residue  extracted  with  ether  and  filtered  again,  and 
the  ether  solutions  were  combined  and  evaporated  to  dry- 
ness in  a  vacuum.  The  residue  was  heated  with  hot  chloro- 
form and  filtered  from  the  phenylurazole;  the  filtrate  was 
evaporated  to  a  small  volume  and  benzene  was  added,  where- 
upon a  precipitate  of  2.1  grams  of  pure  phenyl-2-acetylura- 
zole,  melting  at  i7o°-i73°,  was  formed.  The  phenylurazole 
weighed  o.io  gram. 

It  is  evident,  then,  that  the  chief  reaction  product  between 
silver  phenylurazole  and  acetyl  chloride  is  i-phenyl-2-acetyl- 
urazole,  m.  p.  173°,  and  not  a  labile  i-phenyldiacetylurazole, 
as  described  by  Wheeler  and  Johnson.     Analysis: 

I.  0.1400  gram  substance  gave  28.6  cc.  N  at  21°  and  631 
mm.  (corn). 

II.  0.1499  gram  substance  gave  30  cc.  N  at  20°  and  633 
mm.  (corn). 

III.  0.1365  gram  substance  gave  27.5  cc.  N  at  27.5°  and 
619  mm.  (corn). 


Calculated  for 
C10H9O3N3. 

I. 

Found. 
II. 

III. 

19.22 

1933 

19.06 

19.03 

N 

Silver  i-Phenyl-2-acetylurazole. — To  0.5  gram  phenyl  acetyl- 
urazole,  m.  p.  170°-! 72°,  in  50  cc.  of  alcohol,  was  added  22.8 
cc.  i.o  N  potassium  hydroxide  and  150  cc.  water  and  the  mix- 
ture was  well  cooled.  To  this  solution  was  added,  slowly,  a 
solution  of  the  calculated  quantity  of  silver  nitrate,  3.8  grams, 
the  mixture  being  well  agitated  with  a  stirring  rod.  The 
precipitate  of  silver  phenylacetylurazole  was  crystalline  and 
white,  and  some  was  left  in  solution.  The  precipitate  was 
filtered,  washed  with  water,  then  with  alcohol  and  afterwards 
with  ether.  The  ether  was  removed  by  suction  and  the  salt 
was  dried  in  the  air.  Several  samples  were  made  by  this 
method.     It  is  very  stable  towards  light,  when  freshly  pre- 
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pared.  This  silver  salt  seems  to  contain  i  molecule  of  water 
of  crystallization,  which  is  lost  on  standing  in  the  air  or  in  a 
vacuum  desiccator.  When  the  silver  salt  is  heated  in  an  air 
bath  for  a  short  time,  at  100°,  the  acetyl  group  is  saponiified 
by  the  hot  water  vapor. 

The  reaction  products  of  this  silver  salt  and  alkyl  halides 
are  being  studied.     Analysis : 

I.  0.3081  gram  fresh  salt  gave  0.0956  gram  Ag. 
II.  0.2755  gram  fresh  salt  gave  0.0847  gram  Ag. 

III.  0.3040  gram  salt  dried  in  desiccator  2  days  gave  0.1127 
gram  Ag. 

IV.  0.144 1  gram  air-dried  salt  gave  0.0473  gram  Ag. 

V.  0.1264  gram  salt,  that  had  been  heated  in  air-bath  at 
100°  to  remove  the  acetyl  group,  gave  0.0473  gram  Ag. 


Calculated  for 
CoHgNsOsAg.HjO. 

I. 

Found. 

II. 

Ag 

31-37 

31.06 

30.71 

Calculated  for 
CoHgNaOsAg. 

III. 

Found. 

IV. 

Ag 

3313 

Calculated  for 
C8H,N802Ag. 

32.13 

32.90 

Found. 

Ag 

38   03 

37-42 

henyl 

r 

'-3-oxyacetyl-4-methylurazole,  m. 

P-  94°, 

C,H,N- 

1  II 

0:C  COCOCH3. — A   sample    of    i-phenylacetylurazole, 

N-CH3 
m.  p.  173°,  prepared  from  phenylurazole  and  acetic  anhydride, 
was  treated  with  an  ethereal  solution  of  diazomethane.  There 
was  a  vigorous  evolution  of  nitrogen  and  the  solid  went  into 
solution.  The  ether  was  evaporated  and  the  residue  was  crys- 
tallized from  a  small  amount  of  alcohol;  the  substance  pre- 
cipitated out  in  fine  needles  that  melted  at  94°-95°.  The 
substance  had  the  same  melting  point  when  crystallized  from 
water.  When  melted  and  heated  to  140°,  or  when  simply 
kept  melted  a  short  time  at  95°- 100°,  and  allowed  to  solidify, 
it  then  melted  at  ii3°-ii5°.     When  the  substance  was evapo- 
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rated  with  hydrochloric  acid  several  times,  or  when  it  was 
treated  with  potassium  hydroxide,  the  acetyl  group  was  re- 
moved and  i-phenyl-4-methylurazole,  melting  at  223°,  was 
formed.  This  shows  that  the  diazomethane  methylates  the 
i-phenylacetylurazole  at  4-  and  not  appreciably  at  5-.  This 
isomer,  m.  p.  94°,  was  never  again  obtained  by  this  reaction, 
but  the  i-phenyl-2-acetyl-4-methylurazole,  m.  p.  ii3°-ii5°, 
was  always  afterwards  obtained  directly.     Analyses: 

I.  0.1 1 24  gram  phenylacetylmethylurazole  gave  22.2  cc. 
N  at  22°  and  629  mm.  (corn). 

II.  0.1284  gram  i-phenyl-4-methylurazole  gave  28.2  cc. 
N  at  17°  and  636  mm.  (corn), 

III.  0.0993  gram  i-phenyl-4-methylurazole  gave  22.8  cc. 
N  at  i9°.5  and  631  mm. 

Calculated  for  Found. 

C11HHN3O3.  I. 

N  18.06  18.48 

Calculated  for  Found. 

C9H9N3O2.  II.  III. 

N  22.02  21.30  21.84 

i-Phenyl-2-acetyl-4-methylurazole,  m.  p.  ii_3°-ii^°, 

CeHgN NCOCH3 

I  I 

O :  C  C :  O        . — The  following  is  a  description  of  several 

\   / 
NCH3 

attempts  to  prepare  the  i-phenylacetyl-4-methylurazole,  m. 
p.  94°,  by  the  action  of  diazomethane  on  i-phenylacetylurazole, 
and  by  the  acetylation  of  i-phenyl-4-methylurazole.  It 
will  be  noted  that  the  conditions  were  widely  varied,  and  in 
some  experiments  the  temperature  and  pressure  were  kept 
as  low  as  possible,  to  try  to  prevent  a  rearrangement  during 
the  experiment.  All  of  these  experiments  gave  only  the  iso- 
mer melting,  when  pure,  at  Ii3°-ii5°. 

I.  By  boiling  5  grams  of  i-phenyl-4-methylurazole  (m.  p. 
223°-224°)  in  25  grams  of  acetic  anhydride  and  5  grams  of 
fused  sodium  acetate,  2  hours,  cooling  and  adding  water  to 
dissolve  the  sodium  acetate,  an  oily  layer  was  obtained. 
This  was  separated  and  evaporated  to  dryness  with   15  cc. 
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of  absolute  alcohol.     The  residue  was  crystallized  from  dilute 
alcohol  and  it  then  melted  at  109°-!  11°. 

II.  When  25  grams  of  silver  i-phenyl-4-methylurazole 
were  suspended  in  ether  containing  acetyl  chloride  in  slight 
excess  of  the  calculated  amount,  and  shaken  in  a  bottle  36 
hours,  the  reaction  was  complete.  The  silver  salt  was  filtered 
off  and  washed  with  ether,  and  the  combined  ether  solution 
was  evaporated  in  a  vacuum  desiccator,  so  that  the  tempera- 
ture did  not  rise  above  30°.  The  residue  melted  at  109°-!  11°, 
alone  and  also  when  mixed  with  sample  I. 

III.  A  sample  of  Laist's  i-phenylacetyl-4-methylurazole 
which,  on  July  15,  1903,  had  melted  at  94°,  fused  at  i09°-iii° 
without  recrystallization  on  Nov.  8,  1903.  Rearrangement 
had  taken  place  at  the  ordinary  temperature  in  4  months. 

rV.  Part  of  a  sample  of  i-phenylacetylurazole,  m.  p.  173°, 
which  early  in  1903  had  given  i-phenyl-3-oxyacetyl-4-methyl- 
urazole,  m.  p.  94°,  when  treated  with  diazomethane,  was,  on 
Nov.  8,  1903,  made  to  react  with  diazomethane  in  the  same 
manner.  The  ether  solution  was  evaporated  in  a  vacuum; 
the  residue  melted  at  113°-!  15°.  Apparently,  then,  the  sam- 
ple of  i-phenylacetylurazole  had  also  changed  at  the  ordinary 
temperature  in  4  months. 

V.  A  sample  of  2  grams  of  i-phenylacetylurazole,  m.  p. 
170°-!  73°,  which  was  prepared  by  the  action  of  acetyl  chloride 
on  silver  phenylurazole,  was  treated  with  a  slight  excess  of 
diazomethane,  in  ether  solution.  The  solution  was  divided 
and  one-half  was  evaporated  to  dryness  in  a  vacuum  desicca- 
tor. The  residue  melted  at  110°.  The  other  half  of  the  solu- 
tion was  evaporated  over  a  water-bath,  and  the  sample  thus 
formed  also  melted  at  110°. 

VI.  Six  grams  of  phenylurazole  were  boiled  i  hour  with  12 
grams  of  acetic  anhydride,  alcohol  was  added  and  the  solution 
was  evaporated  to  dryness.  The  residue  was  extracted  2 
hours  in  a  Soxhlet  extraction  apparatus  with  benzene.  The 
benzene  solution  gave  pure  i-phenylacetylurazole,  m.  p. 
172°-! 75°,  when  cooled.  Two  grams  of  this  acetyl  deriva- 
tive were  treated  with  an  ether  solution  of  diazomethane; 
when  the  resulting  mixture  was  evaporated  to  a  small  volume, 
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on  a  water-bath,  and  dried  in  a  vacuum  desiccator,  the  residue 
melted  at  iio°. 

VII.  A  sample  of  silver  phenylurazole  was  boiled  in  benzene 
solution  with  acetic  anhydride,  filtered  and  evaporated  to  dry- 
ness. The  residue  was  treated  with  an  ether  solution  of  diazo- 
methane  and  the  solution  evaporated  to  dryness.  The  resi- 
due melted  at  113°. 

VIII.  In  Salt  Ivake  City,  Utah,  the  barometric  pressure 
is  about  630  mm.  and  the  boiling  point  of  water  about  93°- 
94°,  while  in  BerUn  the  barometric  pressure  is  760-770  mm. 
In  order  to  see  if  the  lower  barometric  pressure  and  the  lower 
boiUng  points  of  the  liquids  were  factors  concerned  in  the  re- 
action, phenylurazole  was  boiled,  in  benzene  solution,  with 
acetic  anhydride,  under  a  return  condenser,  so  arranged  that 
the  pressure  in  the  apparatus  was  70  mm.  The  reaction  took 
place  slowly  and  the  phenylurazole  was  dissolved.  When 
the  benzene  solution  was  cooled,  the  i-phenylacetylurazole 
precipitated  out  in  a  very  pure  state.  A  sample  was  treated 
with  diazomethane  in  ether  solution  and  evaporated  to  dry- 
ness in  a  vacuum.     The  residue  melted  at  113°.     Analysis: 

0.1329  gram  substance,  m.  p.  113°-!  15°,  gave  21.05  cc.  N, 
collected  over  30  per  cent  potassium  hydroxide  solution  at 
27°  and  762.9  mm. 

0-1737  gram  substance,  m.  p.  113°-!  15°,  gave  26.6  cc.  N 
at  18°  and  758  mm.  (corr.). 

Calculated  for  Found. 

C„H„N303.  I.  II. 

N  18.06  1769  "  17.64 

Conclusions. 

I.  Experimental  work  and  the  application  of  the  mass  law 
show  that  the  relative  amounts  of  the  two  stable  derivatives 
formed  by  the  reaction  of  a  tautomeric  compound,  existing 
in  two  forms  in  equilibrium,  and  another  reagent  depend 
upon  (i)  the  relative  reactivity  of  the  two  tautomeric  forms 
towards  the  other  reagent,  (2)  the  ratio  between  the  amounts 
of  the  2  tautomeric  forms  when  they  are  in  constant  equilib- 
rium with  each  other,  and  (3)  the  rapidity  of  the  change  of 
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each  of  these  tautomeric  forms  into  the  other  as  the  equilib- 
rium between  them  is  disturbed.  In  some  cases  the  reaction 
may  be  complicated  by  the  rearrangement  of  one,  or  each,  of 
the  tautomeric  derivatives  into  the  other,  or  some  other  prod- 
ucts. 

2.  Various  phases  of  the  equilibrium  condition  existing  in 
a  solution  of  a  tautomeric  acid  or  base,  or  the  salts,  have  been 
studied  theoretically,  by  the  application  of  the  mass  law,  and 
experimentally.  These  results  are  recorded  in  Sections  I. 
to  XVIII.,  inclusive. 

3.  The  conditions  under  which  normal  and  abnormal  hy- 
drolysis of  salts  of  tautomeric  compounds  can  be  determined 
have  been  discussed. 

4.  A  large  number  of  derivatives  of  phenylurazole  have 
been  made  and  studied  qualitatively  and  quantitatively, 
especially  in  the  light  of  the  theories  of  tautomeric  substances. 

Johns  Hopkins  University, 
Dec.  20,  1906. 


SOLUBILITY. 

By  Eugene  C,  Bingham. 
HISTORICAL. 

As  early  as  in  1790  Lavoisier^  connected  the  phenomena 
of  solubility  with  those  of  cohesion,  but  the  theory  fell  into 
discredit,  due  principally  to  the  researches  of  Guy-Lussac.^ 
Since  that  time  many  different  theories  of  solubility  have 
been  proposed,  of  which  only  a  few  can  be  mentioned  here. 

The  hydrate  theory,  developed  by  Pickering^  and  opposed 
by  the  advocates  of  the  electrical  dissociation  theory,  sought 
to  explain  solubility  as  due  to  a  combination  between  the 
solvent  and  dissolved  substance.  This  theory  was  worked 
out  primarily  for  aqueous  solutions. 

>  Ouevres,  1,  306.     Vide  Alexejew:  Wied.  Ann.,  28,  327   (1886).     Traube:  PhU. 
Mag.,  (6),  8,  710  (1904). 

»  Compt.  rend.,  8,  1000  (1839). 
»  Vide  "Solutions,"  Watts'  Diet. 
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VaubeP  based  a  theory  of  solubility  upon  the  chemical 
structure,  but  for  a  general  theory  on  this  basis  great  elabora- 
tion seems  necessary.  Carnelly  and  Thomson^  concerned 
themselves  with  isomers.  They  showed,  quite  conclusively, 
that  among  isomeric  compounds  the  most  fusible  are  also  the 
most  soluble.  Nicol,^  with  others,*  believed  that  solubiUty 
is  connected  with  molecular  attraction.  Nicol  also  believed 
that  these  attractions  are  connected  with  molecular  volume. 

Although  no  one  of  these  theories  has  as  yet  commended 
itself  sufificiently  to  be  accepted  generally  by  the  scientific 
world,  yet  it  is  necessary  to  bear  in  mind  that  each  theory  ac- 
counted for  certain  facts  and  is,  therefore,  probably  a  partial 
expression  of  the  truth. 

The  above  workers  concerned  themselves  for  the  most  part 
with  solutions  of  solids  in  water.  Alexejew^  was  the  first  to 
make  a  systematic  study  of  the  simpler  case  of  liquids  dissolved 
in  liquids.  He  found  several  instances  where  substances  in- 
creased in  solubility  with  rise  in  temperature  until,  finally, 
they  became  infinitely  soluble.  Guthrie^  discovered  that 
examples  of  quite  the  opposite  sort  existed  where  liquids  be- 
came completely   miscible  below  a  certain  temperature. 

Orme  Masson^  pointed  out  the  important  analogy  between 
the  temperature  of  infinite  solubility,  by  him  called  "the 
critical  solution  temperature,"  and  the  ordinary  critical 
temperature.  Bredig,^  Noyes,^  Ewan^"'  and  Abegg^^  tried  to 
devise  formulas  of  the  van  der  Waals  t5q3e  to  apply  to  these 
cases. 

Rothmund '2  admirably  summed  up  the  previous  work  and 
extended  it  by  finding  several  cases  of  both  an  upper  and  a 

»  J.  prakt.  Chem.,  (2),  59,  30  (1899). 

2  J.  Chem.  Soc,  53,  782  (1888). 

3  Phil.  Mag.,  (5),  15,  91. 

*  Kuenen  and  Robson:  Ibid.,  (6),  6,  637  (1903). 
«  Wied.  Ann.,  28,  305  (1886). 

6  Phil.  Mag.,  (5),  18,  29,  499  (1884). 

7  Nature,  Feb.  12,  1891.     Z.  physik.  Chem.,  7,  500  (1891). 

8  Z.  physik.  Chem.,  4,  444  (1889). 

9  Ibid.,  5,  53  (1890). 
»/6td;.,14,419  (1894). 
i^  Ibid.,  15,  254  (1894). 
12  Ibid.,  26,  433  (1898). 
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lower  critical  solution  temperature,  but  no  single  pair  of  sub- 
stances was  found  showing  both  of  these  phenomena.  Never- 
theless, Rothmund  conceived  that  every  pair  of  substances 
should,  at  some  temperature,  show  both  an  upper  and  a  lower 
critical  solution  temperature,  making  the  solubility  curve  in 
every  case  a  closed  curve.  Kuenen  and  Robson^  opposed 
this  view  on  the  groimd  that  one  of  the  components  might 
reach  its  critical  temperature  before  the  critical  solution  tem- 
perature was  reached. 

Hudson^  found  that  nicotine  and  water  have  an  upper  critical 
solution  temperature  at  210°  and  a  lower  critical  solution 
temperature  at  60°. 

Critical  Solution  Temperature  and  the  Ordinary  Critical 
Temperature. 

The  knowledge  of  a  similarity  between  the  critical  solution 
temperature  and  the  ordinary  critical  temperature  is,  if  real, 
a  most  important  contribution  to  our  understanding  of  the 
phenomenon  of  solution,  for  since  solubility  changes  very 
rapidly  near  the  critical  solution  temperature,  the  origin  of 
solubility  itself  would  seem  to  lie  in  the  explanation  of  the 
critical  solution  temperature.  Yet  the  discussion  of  this 
similarity  has  hardly  found  its  way  into  the  text-books.  We 
believe  that  this  is  because:  (i)  The  analogy  is  not  complete, 
since  a  liquid  in  the  presence  of  other  liquids  may  have  as 
many  critical  solution  temperatures  as  there  are  liquids,  while 
it  has  but  one  ordinary  critical  temperature.  (2)  The  lower 
critical  solution  temperature,  in  physical  appearance  much 
the  same  as  the  other,  has  no  apparent  analogy  to  the  ordinary 
critical  temperature,  nor  has  an  extension  of  the  theory  been 
proposed  to  account  for  it,  so  far  as  I  know.  (3)  The  kinetic 
theory  has  not  been  employed  to  discover  whether  there  is 
any  relation  beyond  a  mere  analogy  existing  between  the 
phenomena.  The  want  of  such  a  connection  has  given  rise 
to  the  belief,  as  pointed  out  above,  that  the  ordinary  critical 
temperature  might  in  certain  cases  intervene  and  prevent 
the  possibility  of  a  critical  solution  temperature. 

1  PhU.  Mag.,  (6),  6,  637  (1903). 

2  Z.  physik.  Chem.,  47,  113  (1904). 
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If  we  keep  before  us  the  fact  that  the  liquid  and 
gaseous  states  of  matter  are  continuous  I  think  that  it 
may  be  shown  that  this  apprehension  is  unfounded  and, 
moreover,  that  an  interesting  connection  appears  between  the 
critical  solution  temperature  and  the  ordinary  critical  tem- 
perature. We  may  take  ethane  and  water  as  an  example. 
Ethane  reaches  its  critical  temperature  before  complete  solu- 
bility takes  place,  but,  since  all  gases  are  miscible,  at  some 
temperature  below  the  critical  temperature  of  water,  ethane 
must  be  completely  soluble  in  water,  if  the  pressure  is|sufl&- 
ciently  great.  The  temperature  of  complete  solubility  must 
be  regarded  as  the  critical  solution  temperature.     The  figure 
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Fig.  I. 


will  make  this  point  clearer.  Ordinates  represent  percentages 
of  ethane,  and  abscissas  temperatures.  We  assume  that  the 
pressure  is  equal  to  the  vapor  pressure  of  the  mixturefiunder 
consideration,  or,  what  amounts  to  practically  thelsame 
thing,  that  the  experiments  are  made  at  a  constant  volume. 
If  ti  and  <2  represent  the  critical  temperatures  of  ethane  and 
water,  respectively,  ab  is  the  solubility  curve  of  ethane  in 
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water,  de  that  of  water  in  ethane;  be  represents  the  increas- 
ing solubility  of  ethane  gas  in  water,  as  the  temperature  rises, 
and  cd  represents,  finally,  the  limit  of  solubiUty  of  water  in 
ethane  gas;  c  is,  then,  the  critical  solution  point  and  t  is  the 
critical  solution  temperature,  situated  between  t^  and  t^. 

Two  liquid  phases  exist  within  the  area  abode.  Of  the  re- 
mainder of  the  figure,  the  part  to  the  right  of  the  curve, 
(t'  cQ  represents  mixtures  of  ethane  and  water  vapor  which 
cannot  be  liquified  by  pressure.  The  part  to  the  left  of  this 
curve  represents  a  single  liquid  phase.  The  curve  (f  cQ  repre- 
sents, therefore,  the  points  at  which  the  liquid  solutions  are 
in  equilibrium  with  the  vapor  mixtures.  Stated  differently, 
it  represents  the  critical  temperatures  of  aqueous  ethane 
solutions,  or  the  amounts  by  which  the  critical  temperature 
of  water  is  lowered  by  the  addition  of  successive  amounts  of 
ethane.  We  may  call  this  a  critical  temperature  curve  since 
the  critical  temperature  of  ethane  and  water  form  the  two 
limiting  values  and  each  intermediate  point  represents  the  crit- 
ical temperature  of  a  solution  of  definite  concentration  of 
ethane  in  water  or  of  water  in  ethane. 

If  we  consider  ethane  and  water  to  be  a  limiting  case,  for 
the  purpose  of  illustration,  we  see  that  the  solubility  curve 
will  touch  the  critical  temperature  curve  at  the  point  c,  though 
it  cannot  cross  that  curve.  Whether  or  not  there  might  be 
2  or  more  points  in  common  between  these  curves  we  do  not 
need  to  consider  here.  As  a  point  on  the  critical  temperature 
curve  this  point  defines  a  temperature,  for  the  given  concen- 
tration, above  which  no  pressure  will  cause  the  mixture  to 
separate  into  2  phases  of  liquid  and  vapor.  As  a  point  on 
the  solubility  curve,  it  defines  a  temperature,  for  the  given 
concentration,  above  which  no  pressure  will  cause  the  mix- 
ture to  separate  into  2  liquid  phases.  There  is  thus  the  most 
intimate  connection  beween  the  critical  solution  temperature  and 
the  critical  temperature  of  a  mixture.  There  is,  in  fact,  a 
certain  analogy  between  the  2  curves  throughout  their  whole 
course. 

Returning  to  the  figure,  we  see  that  inside  of  the  area  abt^ 
we  have  aqueous  solutions  of  liquid  ethane.     The  area  b  c  t^t^ 
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defines  the  possibilities  of  liquid  aqueous  solutions  of  ethane 
gas.  In  the  area  d  e  i\,  we  have  solutions  of  water  in  liquid 
ethane.  D  ct'^  gives  the  limits  within  which  we  may  have 
water  dissolved  in  ethane  gas,  the  solution  being  liquid  under 
sufficient  pressure,  due  to  the  elevation  of  the  critical  tempera- 
ture of  the  ethane  by  the  water.  Heretofore  the  solution  of  a 
gas  {or  vapor)  in  another  gas  {or  vapor),  of  a  gas  {or  vapor)  in 
a  liquid,  and  of  a  liquid  in  a  liquid  have  been  regarded  as  quite 
distinct.  We  note,  however,  from  the  above  considerations  that 
no  sharp  line  of  demarcation  can  be  drawn  between  them. 

Significance  of  the  Critical  Solution  Temperature. 

To  make  the  above  connection  between  the  critical  solu- 
tion temperature  and  the  ordinary  critical  temperature  some- 
what clearer,  let  us  turn  to  the  kinetic  theory  for  the  origin 
of  each. 

When  a  liquid  is  heated  in  a  closed  space,  certain  mole- 
cules near  the  surface  have  kinetic  energy  sufficient  to  over- 
come the  forces  of  cohesion  in  the  liquid  and  become  a  part 
of  the  superincumbent  vapor.  As  the  liquid  is  heated,  it  ex- 
pands, in  general,  due  to  the  increased  velocity  of  the  mole- 
cules. Thus  the  kinetic  energy  of  the  molecules  causes  them 
to  behave  as  though  they  actually  repelled  each  other  with  a 
force  increasing  with  the  temperature,  so  more  and  more  par- 
ticles pass  off  as  the  temperature  is  raised.  Moreover,  the 
particles  of  the  vapor  itself  finally  become  so  closely  crowded 
that  they  exert  a  mutual  attraction  for  each  other  and  also 
for  the  liquid,  hence  more  liquid  vaporizes  than  we  should 
expect  if  the  vapor  obeyed  the  gas  laws.  At  length  the  forces 
of  attraction  in  the  liquid  for  a  particle  at  its  surface  become 
just  equal  to  the  repellant  forces,  due  to  the  kinetic  energy 
of  the  molecules.  Thus  a  liquid  at  this  temperature  possesses 
just  sufficient  energy  to  expand  indefinitely — we  have  reached 
the  gaseous  state.  The  surface  separating  the  liquid  and 
vapor  necessarily  vanishes,  all  the  properties  of  liquid  and 
gas  are  identical  at  this,  the  critical  temperature. 

The  particles  within  the  vessel,  striking  the  walls,  give  rise 
to  a  pressure,  in  this  case  the  critical  pressure.     This  force  we 


Solubility.  97 

believe  to  be  a  measure  of  what  we  have  spoken  of  as  the  re- 
pellant  forces  due  to  the  kinetic  energy  of  the  molecules,  but 
since  these  repellant  forces  are  just  equal  to  the  attractive 
forces  between  the  molecules  at  the  critical  temperature, 
the  critical  pressure  is  an  exact  measure  of  the  attractive 
forces  between  the  molecules  themselves  at  the  critical  tem- 
perature. 

In  case  there  are  gases  present  in  addition  to  the  liquid  in 
question  and  its  own  vapor,  the  case  is  more  complicated. 
The  gas  will  have  a  certain  attractive  force  for  the  molecules 
of  vapor  and  also  for  the  particles  at  the  surface  of  the  liquid. 
Dalton's  law  states  that  these  effects  are  negligible  at  ordinary 
temperatures,  but  they  may  become  very  important  as  we  ap- 
proach the  critical  temperature.  The  critical  temperature 
is  known  to  be  considerably  altered  by  small  amounts  of  for- 
eign substances.  The  gas  may  also  be  dissolved  in  the  liquid 
to  some  extent  affecting  the  magnitude  of  the  attractive  forces 
in  the  liquid. 

Now  let  us  suppose  that  the  space  above  our  liquid  is  filled 
with  another  liquid  which  is  immiscible  with  the  first,  instead 
of  a  foreign  gas.  The  first  liquid  will  send  particles  into  the 
second  exactly  analogous  to  the  process  of  vaporization  de- 
scribed above,  where  a  foreign  gas  is  present.  These  parti- 
cles wander  about  in  their  respective  solvents  quite  as  inde- 
pendent of  each  other  as  do  the  particles  of  a  gas,  so  long  as 
the  solutions  are  not  concentrated.  Thus,  if  we  measure 
effects  in  which  these  particles  alone  are  concerned,  we  find 
them  obeying  the  laws  of  gases,  the  most  noticeable  difference 
between  the  two  being  the  slower  motion  in  liquid  diffusion 
than  in  gaseous  diffusion,  due  to  the  friction  caused  by  the 
solvent  medium. 

As  the  temperature  is  raised  the  liquids,  in  general,  expand, 
and  since  the  attractive  forces  become  lessened  thereby,  more 
particles  of  each  are  enabled  to  pass  into  solution  in  the  other 
liquid.  The  dissolved  particles  finally  become  so  crowded 
together  that  they  are  no  longer  independent  of  each  other, 
i.  e.,  their  osmotic  pressures  no  longer  obey  the  gas  laws. 
When  the  forces  tending  to  bring  the  liquids  i^to  solution  are 
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just  equal  to  the  sum  of  the  cohesive  forces  between  the  par- 
ticles of  each  liquid,  the  surface  separating  the  two  liquids 
vanishes,  and  all  parts  of  the  mixture  become  identical  as 
soon  as  the  system  has  reached  a  steady  state.  This  is  the 
critical  solution  temperature. 

Necessary  Condition  for  an  Upper  Critical  Solution  Tempera^ 
ture. 

The  statement  of  the  necessary  condition  for  a  critical  solu- 
tion temperature  set  forth  in  the  preceding  paragraph  may 
be  made  more  reasonable  and  formulated  by  the  following 
considerations : 

Suppose  0,  in  Fig.  II.,  to  be  a  point  on  the  surface  m  n  be- 
tween 2  liquids  A  and  B,  which  are  saturated  with  respect 
to  each  other  at  a   given  constant  temperature.     We  may 


m 
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imagine  a  sphere  described  about  O,  of  which  the  circle  is  a 
cross- section,  of  such  size  that  the  molecular  forces  acting  on  a 
molecule  at  O  are  negligible  outside  of  the  sphere.  Let  X 
represent  the  number  of  molecules  of  A  in  the  upper  hemi- 
sphere and  X  those  in  the  lower  hemisphere  dissolved  in  B. 
Let  Y  and  y  represent  the  numbers  of  molecules  of  B  in  the 
lower  and  upper  hemispheres,  respectively.  In  either  hemi- 
sphere the  distribution  must  be  uniform  when  the  system  has 
reached  a  steady  state,  otherwise  diffusion  would  take  place 
between  the  different  parts,  and  the  solution  could  not  have 
been  saturated. 
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The  attraction  of  a  particle  of  A  at  the  point  0  by  the  X 
particles  of  A,  may  be  represented  by  some  function  of  X,  as 
<f>(X),  in  which  the  coefficient  of  attraction  between  2  mole- 
cules of  A  and  the  rate  of  variation  of  this  force  with  the  dis- 
tance must  appear,  the  components  of  all  of  the  individual 
forces  at  right  angles  to  m  w  being  summated  for  the  whole 
hemisphere.  This  resultant  force  will  evidently  be  a  force 
acting  upwards  at  the  point  0  at  right  angles  to  m  n.  Since 
adhesion  is  as  universal  a  property  of  matter  as  is  cohesion, 
the  y  particles  of  B  dissolved  in  A  must  exert  an  attraction 
for  the  particle  of  A  at  the  point  0.  The  coefficient  of  attrac- 
tion beween  a  particle  of  A  and  a  particle  of  B  will  now  ap- 
pear. Let  this  force  be  represented  by  i(y).  The  attrac- 
tion of  the  Y  particles  of  B  in  the  lower  hemisphere  for  the 
particle  oi  A  at  O  will  be  entirely  similar  to  $(y)  and  will  be 
some  multiple  of  it,  $(Y)  depending  merely  upon  their  ratios. 
We  have  assumed  here  that  the  rate  of  variation  of  the  attrac- 
tion with  the  distance  is  independent  of  the  number  of  parti- 
cles. Similarly  the  attraction  of  the  x  particles  of  A  will  be 
represented  by  (f)ix).  We  have,  then,  the  total  force  acting 
upwards  on  a  particle  oi  A  at  O  due  to  the  upper  hemisphere 
equal  to 

<PiX)  +${y) (I), 

and  the  total  force  acting  upwards  due  to  the  lower  hemi- 
sphere, equal  to 

-[KF)  +  <^(^)] (2). 

In  like  manner,  if  we  consider  the  forces  acting  upwards  on 
a  particle  of  B  at  O,  we  have 

-IKY)  -f  !(:.)] (la), 

due  to  the  lower  hemisphere,  and 

^(X)  +^(y) (2a), 

due  to  the  upper  hemisphere. 

The  resultant  upward  force  on  a  particle  of  A  at  O,  due  to 
all  of  the  particles  in  both  hemispheres,  is 
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i.(X-x)-^(Y-y): (3). 

and  the  resultant  upward  force  on  a  particle  of  5  at  O  is, 
similarly, 

-[HY-y)-i(X-x)] (4). 

Now  these  two  expressions,  (3)  and  (4),  may  each  be  either 
greater  or  less  than  zero.     If 

^(X-x)-$(Y-y)>0, 

work  will  need  to  be  done  against  this  force  by  every  particle 
of  A  that  goes  into  solution  in  B,  and  this  will  tend  to  prevent 
the  2  liquids  from  mixing  completely.  On  the  contrary,  if 
the  total  upward  force  on  a  particle  of  A  is  less  than  zero, 
i.  e.,  if  the  force  acts  downwards,  work  will  be  gained  by  the 
particle  in  moving  into  the  lower  hemisphere;  but  the  pro- 
cess of  going  into  solution  in  5  dilutes  the  liquid  B,  so  that  its 
particles  are  moved  away  from  each  other  and  towards  the 
liquid  A.  This  may,  or  may  not,  call  for  the  expenditure  of 
work,  according  as 

-lKy-y)-i(x-x)} 

is  greater  or  less  than  zero,  respectively.  Any  change  in  the 
total  volumes  of  the  liquids  has  been  here  neglected.  If, 
then, 

<f>iX-x)  -  $iY-y)<  -  IHY-y)  -  KX-x)], 
or 

<l>iX-x)  +  i^{Y-y)<  iCX-x)  +KY-y)  .    .  (5), 

we  have  the  condition  for  complete  miscibility,  for  work  will 
on  the  whole,  be  gained  by  the  process  of  reciprocal  solution 
of  A  in  B  and  of  S  in  A.  The  forces  in  the  left  hand  member 
oppose,  while  those  in  the  right  hand  member  aid  the  process 
of  solution. 

If 

HX-x)  +  HY-y)  =  K^—x)  +  KY  —  y)  .  .  (6). 

no  work  will  be  done  in  moving  any  particle  of  the  mixture 
from  one  part  to  another,  and  we  have  the  condition  for  the 
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critical  solution  temperature.  We  know  from  the  results 
of  experiment  that  the  above  equation  must  hold  at  the  critical 
solution  temperature,  since  at  this  temperature  the  differ- 
ences of  concentration  become  zero  and,  hence,  the  above 
equation  becomes  identically  equal  to  zero. 
In  case 

KX-x)  -f  ^(F_y)>  k{X-x)  +  KY-y)  .    .  (7), 

work  will,  on  the  whole,  need  to  be  done  upon  the  particles  of 
A  and  B  as  they  go  into  solution.  Hence,  only  those  particles 
which  are  especially  favorably  situated  will  be  able  to  pass 
the  bounding  surface  between  the  two  liquids,  and  of  those 
that  have  passed  into  solution  some  will  continually  be  drawn 
out  of  solution  as  they  come  into  the  range  of  the  attractive 
forces  at  the  bounding  surface.  So  under  these  conditions, 
the  amount  of  each  liquid  in  each  solution  in  the  other  at 
any  time  has  a  definite  limiting  value  depending  upon  the 
magnitude  of  the  difference  between  the  2  members  of  equation 
(7),  as  well  as  upon  the  temperature;  in  other  words,  the  liquids 
are  immiscible. 

Partial  and  Complete  Solubility. 

Using  the  above  conception  of  the  criteria  of  miscibility, 
I  may  point  out  a  distinction  between  partial  and  complete 
solubility,  which,  as  far  as  I  know,  has  not  been  made  up  to 
this  time. 

If  a  little  aniline  be  added  to  a  large  flask  of  water,  the  ani- 
line goes  to  the  bottom  in  drops  which  gradually  diminish  in 
size  and  finally  disappear.  Sharply  to  be  distinguished  from 
this  case  is  that  of  acetic  acid  and  water,  brought  together 
in  a  similar  manner.  The  acetic  acid  mixes  with  the  water 
at  once,  the  meniscus  between  the  two  in  no  case  remains 
sharply  defined — the  two  liquids  are  completely  miscible. 
There  is  a  condition  of  unstable  equilibrium  established  when- 
ever acetic  acid  and  water  are  brought  together  until  they 
are  perfectly  mixed ;  and  the  mixture  must  take  place  as  rapidly 
as  diffusion  will  allow,  down  to  the  temperature  where  the 
solid  phase  makes  its  appearance. 
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In  the  case  of  aniline  and  water,  a  sharp  meniscus  is  present, 
the  aniline  falls  through  the  water  in  globules;  a  few  of  those 
particles  which  are  near  the  surface  of  separation  may  have 
sufficient  kinetic  energy  to  do  the  work  necessary  to  go  into 
solution  in  the  water.  Thus,  the  aniline  gradually  all  passes 
into  solution  because,  under  the  above  conditions,  very  few  of 
the  aniline  molecules  come  back  again  into  the  range  of  at- 
traction of  the  remaining  portion  after  having  once  escaped, 
but  while  the  aniline  remains  partly  undissolved,  each  drop 
is  surrounded  by  a  layer  of  nearly  saturated  solution  of  aniline 
in  water  and  the  conditions  for  immiscibility  hold.  The  same 
considerations  apply  when  small  amounts  of  water  are  added 
to  a  large  volume  of  aniline. 

As  we  perform  the  experiment  of  adding  aniline  to  water 
at  higher  and  higher  temperatures,  the  above  distinction  be- 
comes less  and  less  clearly  marked,  and  finally  disappears  at 
the  critical  solution  temperature,  165°.  Above  this  tempera- 
ture the  case  is  similar  to  that  of  acetic  acid  and  water.  Thus, 
below  Ihe  critical  solution  temperature  we  have  only  mutual 
partial  solubilities,  but  above  this  temperature  there  is  complete 
miscibility.  We  may,  therefore,  speak  of  mixtures  at  tem- 
peratures above  the  critical  solution  temperature  and  of  solu- 
tions below  that  temperature.  The  solvent  may  then  be  re- 
garded as  that  pure  substance  toward  which  the  solubility  curve 
recedes  with  jailing  temperature. 

The  Lower  Critical  Solution  Temperature. 

The  usual  course  of  liquid  substances  seems  to  be  from  im- 
miscibility to  complete  miscibility  as  the  temperature  is  raised. 
This  results  from  the  increase  in  the  kinetic  energy  of  the  par- 
ticles, as  already  pointed  out.  It  is  possible,  however,  that 
certain  liquids  may  have  a  chemical  attraction  for  each  other 
in  addition  to  the  ordinary  physical  attraction.  This  force 
would  decrease  with  rising  temperature,  so  that  we  may  dis- 
tinguish 4  typical  cases: 

I.  In  the  ordinary  simplest  case,  represented  by  aniline  and 
water,  the  mutual  solubilities  gradually  increase  up  to  the 
critical  solution  temperature. 
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2.  Should  a  chemical  or  other  attraction  come  in,  which, 
although  not  strong  enough  to  reduce  the  work  done  by  mutual 
solution  to  zero,  is  yet  able  to  affect  the  solubility  curves, 
possibly  causing  the  solubility  to  decrease  as  the  temperature 
is  raised  over  a  certain  range.  This  case  is  typified  by  mix- 
tures of  secondary  butyl  alcohol  and  water,  as  observed  by 
Alexejew,*  where  there  is  a  minimum  and  maximum  in  the 
tipper  and  lower  branches,  respectively,  of  the  solubility 
curve. 

3.  If,  however,  the  chemical  attraction  is  greater  than  the 
above  value,  we  have  the  condition  of  miscibility,  and  we 
have  a  critical  solution  temperature.  Thus  we  have  the  pos- 
sibility of  2  critical  solution  temperatures  for  the  same  pair 
of  substances,  an  upper  and  usual  critical  solution  tempera- 
ture, and  a  lower,  false  critical  solution  temperature,  due  to 
the  introduction  of  a  new  attraction,  perhaps  chemical  in  its 
nature,  between  the  components.  If  it  is,  indeed,  caused  by  a 
chemical  attraction,  we  may  properly  call  this  a  false  critical 
solution  temperature,  for  we  then  have  a  third  substance 
formed  by  the  union  of  the  other  2  and  we  have,  therefore, 
entirely  new  conditions  of  mixture. 

Only  mixtures  of  nicotine  and  water  have  thus  far  yielded 
both  an  upper  and  a  lower  critical  solution  temperature. 
Hudson,'  who  studied  this  case,  believed  that  the  phenomena 
were  to  be  explained  by  a  weak  chemical  combination,  but 
several  cases  are  known  which  probably  fall  into  this  class. 
Triethylamine  and  water^  is  the  best  instance.  They  are 
miscible  up  to  i8°.3,  where  they  become  quite  immiscible. 
Somewhat  beyond  this  temperature  the  mutual  solubilities 
seem  to  increase  with  the  temperature,  as  in  the  usual  case. 
Diethylamine  and  water  show  the  same  phenomena,  but  the 
false  critical  solution  temperature  is  higher  than  in  the  former 
case.  The  other  members  of  the  series,  ethylamine  and  am- 
monia, have  not  been  found  to  be  immiscible  with  water 
at  any  temperature.     It  is  evident  that  each  of  these  pairs 

1  Loc.  cit. 

*  Loc.  ctt. 

*  Guthrie:  Loc  cit.     Rothmund:  Loc.  cit. 
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of  liquids  may  exhibit  chemical  attraction.  It  would  appear, 
then,  that  this  attraction  grows  less  and  less  as  we  descend 
the  series,  which  is  in  accord  with  what  we  know  of  other  prop- 
erties. Another  pair  of  liquids  which  Rothmund^  found  to 
have  a  lower  critical  solution  temperature  is  that  of  collidine 
and  water.  Here,  again,  we  have  the  possibility  of  combina- 
tion. Pyridine  and  water  have  not  been  found  to  be  immisci- 
ble at  any  temperature,  and  we  should  expect  the  tendency 
toward  combination  to  be  more  strongly  shown  by  the  latter. 
More  recently,  Kuenen^  and  Buchner^  have  found  several 
cases  of  a  lower  critical  solution  temperature,  where  water 
is  not  one  of  the  components.  Of  these  o-nitrophenol  and 
carbon  dioxide,  found  by  Buchner  to  be  immiscible  above 
39°.  5,  is  obviously  in  harmony  with  the  preceding  explana- 
tion. 

4.  Since  the  solubility  curve  in  the  above  case  passes  through 
2  critical  solution  temperatures,  we  have  there  a  closed  curve 
of  a  more  or  less  elliptical  nature.  If,  however,  this  closed 
area  becomes  reduced  to  a  mere  point,  we  have  a  fourth  case, 
which  seems  to  be  typified  by  ammonia  and  water,  pyridine 
and  water,  and  alcohol  and  water,  no  critical  solution  tem- 
perature being  observed  at  any  temperature. 

The  forces  which  come  into  play  in  causing  crystallization 
may  also  prevent  us  from  finding  a  critical  solution  tempera- 
ture. 

Measure  of  Molecular  Attraction. 

The  law  of  Avogadro  holds,  so  far  as  we  know,  for  all  simi- 
lar particles  which  are  far  enough  apart,  so  that  the  time  dur- 
ing which  the  particles  are  in  the  range  of  each  other's  attrac- 
tion is  negligible  in  comparison  with  the  time  that  they  are 
outside  of  this  range.  It  seems  to  make  no  difference  whether 
other  dissimilar  particles,  gases,  liquids,  or  even  solids  are 
present  or  not.  As  we  bring  the  particles  nearer,  however, 
they  attract  each  other  more  and  more.  This  attraction  be- 
tween the  particles  is  proved  in  many  ways,  such  as  by  the 

>  Loc.  cit. 
'  Loc.  cit. 
»  Z.  physik.  Chem.,  54.  665  (1906). 
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Joule-Thomson  effect  in  imperfect  gases  and  by  the  cohesion 
of  liquids.  Thus,  it  occurred  to  me  that  the  deviations  from 
Avogadro's  law  might  give  a  measure  of  the  attractive  forces 
between  the  particles  of  different  substances  at  any  given 
temperature.  This  would  signify  that  the  attractive  forces 
are  inversely  proportional  to  the  molecular  volumes,  but 
this  assumption  is  open  to  the  objection  that  the  real  volume 
of  the  molecules  themselves  may  also  have  an  effect  upon  the 
apparent  molecular  volume,  i.  e.,  the  volume  effectively  oc- 
cupied ^by  the  molecules.  It  has  been  customary,  because 
convenient,  to  consider  molecular  volumes  from  the  merely 
spacial  standpoint  rather  than  from  the  point  of  view  that 
the  "effective  molecular  volume"  is  a  result  of  the  equilib- 
rium of  attractive  and  repellant  forces.  The  known  facts  in 
regard  to  the  additivity  of  atomic  volumes  would  seem  to  be 
explained  equally  well  on  either  basis,  but  regarding  molecu- 
lar -volumes  as  a  measure  of  the  attractive  forces  brings  us 
face  to  face  with  the  question,  how  far  does  the  real  volume 
of  the  molecule  affect  the  apparent,  or  ordinary  molecular 
volume. 

In  order  to  answer  this  question,  I  have  sought  for  other 
methods  of  measuring  molecular  attraction.  It  has  been 
already  shown  (p.  97)  that  the  critical  pressure  is  a  measure 
of  the  attractive  forces  between  the  molecules  at  the  critical 
temperature  and  I  hope  to  give  the  mathematical  evidence 
in^favor  of  this  view  at  a  later  time.  If  the  critical  pressure 
is  a  measure  of  molecular  attraction,  and  if  molecular  volume 
is  assumed  to  be  inversely  proportional  to  molecular  attrac- 
tion, then  the  deviation  of  their  product  for  different  substances 
from  a  constant  value  may  be  relied  upon  as  a  test  of  the  ac- 
curacy of  my  assumption. 

Strictly,  we  should  use  the  molecular  volumes  of  substances 
at  the  critical  temperature  only;  but  few  determinations  of 
critical  densities  are  known  and  these  are  subject  to  some  un- 
certainty, so  that  the  molecular  volumes  of  substances  at  their 
boiling  points,  which  are  approximately  corresponding  tem- 
peratures, would  seem  to  give  a  more  satisfactory  basis  for 
comparison. 
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The  following  table  gives  the  results  obtained  by  using 
the  molecular  volumes  at  both  of  these  temperatures  for  a 
few  substances  of  very  diverse  character.  I  have  also  used 
the  molecular  volumes  at  the  ordinary  temperature,  20°, 
because  this  is  the  temperature  at  which  we  most  wish  to  know 
the  molecular  attractions  and  because  the  molecular  volumes 
of  our  substances  vary  rather  slowly  with  the  temperature; 
hence,  we  may  expect  the  values  of  the  product  of  the  molecu- 
lar-volume and  the  critical  pressure  to  differ  in  no  marked 
degree  from  those  at  the  boiling  point,  for  ordinary  substances. 
M  is  the  molecular  weight  of  the  substance ;  p,  pt,  Pc,  the  density 
at  ordinary  temperature,  at  the  boiling  point,  and  at  the  crit- 
ical temperature,  respectively.  The  critical  pressure  is  repre- 
sented by  T.  Columns  VIII.,  IX.  and  X.  contain  the  respec- 
tive molecular  volumes;  and  columns  XI.,  XII.  and  XIII. 
the  products  of  molecular  volume  and  critical  pressure.  When 
we  consider  that  the  values  for  the  critical  pressure  given  for 
one  and  the  same  substance  differ  by  as  much  as  20  per  cent 
and  that  the  substances  chosen  have  been  selected  merely 
with  a  view  of  getting  well  known  representatives  of  many 
different  classes  of  compounds,  both  associated  and  unasso- 
ciated,  the  agreement  is  surprising.  It  is  everywhere  within 
the  possible  limits  of  experimental  error,  which  are,  of  course, 
large. 

Since  the  values  of  the  h  of  van  der  Waal's  equation  are 
proportional  to  the  volumes  of  the  particles,  it  is  interesting 
to  compare  this  constant  with  the  molecular  volumes.  The 
products  of  the  critical  pressure  and  the  values  of  h  are  given 
in  column  XV.  of  Table  I.  The  agreement  is  not  very  good, 
although,  perhaps,  within  the  limits  allowed  by  the  uncertain- 
ties of  T  and  h,  but  the  point  which  I  wish  to  make  is  that 
the   substances  which   give   great  deviation  from  the   mean 

value  of  the  constant  "• —  also  give,  in   general,  large  devia- 
P 

tions  for  the  values  of  irh  and  in  the  same  direction.  We 
should  expect  precisely  this  result  if  the  values  of  ^  were, 
in  certain  cases,  considerably  in  error. 


Solubility.  107 


s- 

"n 

0 

s 

8 

:SS 

0   0 

8 

0   0 

K? 

s 

b 

~s 

i 

s 

2; 

b 

Q 

2; 

0 

00 

? 

„ 

M 

^ 

^ 

^ 

n 

S^ 

M 

vO 

»^I 

HI 

^ 

4^ 

On 

w 

M 

ON 

•*» 

to 

Oi 

OJ 

00 

NO 

00 

On 

On 

0 

00 

S 

*^ 

K) 

"" 

00 

^ 

Cn 

00 

•f^ 

0 

4^ 

0 

" 

0 

0 

0 

0 

K1 

H) 

M 

10 

en 

on 

0 

ON 

00  0 

0 

0 

n 

n 

\ 

\ 

\ 

■^ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

■^ 

\ 

\ 

0 

0 

0 

-^ 

0 

-t^ 

■f' 

0 

C/\ 

4^ 

0 

0 

0 

0 

M 

0 

« 

M 

M 

0 

►H 

0 

" 

0 

« 

0 

« 

•ft 

^j 

^J 

_ 

0 

»-J 

»0 

^j 

0 

8 

CJ 

C*J 

ON 

0 

00 

0 

NO 

NO 

NO 

4^ 

KJ 

CO 

ON    0 

NO 

4^ 

KJ 

4^ 

(^ 

0 

0 

0 

M 

0 

0 

M 

0 

0 

« 

0 

« 

0 

0 

0 

0 

ON 

0 

00 

00 

^ 

K> 

^I 

NO 

NO 

■=> 

0 

vn 

NO 

00 

00 

'-' 

so 

ON 

00 

-f^ 

4^ 

vO 

<J\ 

U) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

^ 

M 

^I 

M 

c^ 

Ol 

w 

(>J 

M 

OJ 

(0 

4^ 

4^ 

n 

C/l 

^ 

4^ 

0 

Ol 

OJ 

0 

-1^ 

vO 

+>. 

(Jl 

I 

UN    tjl     ^J     VO  a  *=■ 

w  -I  NO  ^j     r"     s    ■"-< 


b 

b   b 

vO 

00 

ON 

b 

b 

MO    WO 

b 

b 

CO 

b 

b 

b 

NO 

^^ 

4^ 

0 

0 

NO 

^ 

g:s 

--1 

en 

00 

■^ 

^ 

t 

OJ 

ON 

ON    VO 

4». 

0 

^ 

M 

On 

KJ     4>- 

(j\ 

NO 

NO 

0 

KJ 

0 

NO 

5S 

(>! 

I 

4^ 

a 

1 

^cS? 

^ 

On 

On 

^ 

4^ 

00 

4^ 

00    0 

NO 

tn 

On 

0 

KJ 

0     On 

00 

KJ 

^ 

OJ 

00 

00 

•       0\ 

? 

00 

S 

On 

KJ     W 

On 

^ 

^ 

KJ 

^4^004>.W4^^  ^4!^4^^4^0iC*iOJC*J          =<         kj 

OMvOKJOOOnW  ^K)W04^0NKJMa\|t'2 

•^C/JOkjnO-^^  MKJONCTvKJ^'CnOOtn^l^!^ 

0000000  000000000 

4>.4^4^4^4>-Cn4^  ai4^+.C*J4^C>JOJOJC*J           i^W 

OOOtwOOWM^  00On^nOOnnOOnC/J^"^'>^'^ 

K3CO»~jvOOnmkj  Oni-cOOnOn4^»-4000 

0000000  OOOOOOOOO 


SS 


OC*JM  -kj^J'-OnOnOOO         I         t^ 

KJ-^>  -OJ^J-       •4i.COOJC<j'^^M 


0000000  OOOOOOOOO 

2  8  8  8  8  8  8  8  8  8  8  8  8  8  8  8     ?■   § 

WOO^^OiON^  On4^4^^C*>W4>-Ooi-i  -^ 

Qi-iOOC/JONCnOJ  ►-004^4^W^^OC/i 

00  OoOj04^  •h  Cn4^  -J4^00 

0000000  OOOOOOOOO      ^     ^ 

KJKJKJKJKJKJM  OJKJKJKJKJKJKJKJKJ  ?"         < 

^a4s.C*>^aONONO  ►hC*j4^4>.4'OjOnC»jno 

OJC^4^i-iKJOCn  ^O-P>-ON«J^J00^JCn  jv 


-^(jJOj  OoONOJC/iOnOiCn 


8i   < 

oooj    ooQno    00    ^5    i" 

vl      00   VO      KJ     4»>      KJ       .      . 


io8  Bingham. 

It  may  properly  be  asked  whether  cohesion  can  be  used  to 
measure  molecular  attraction,  for  it  is  certainly  true  that 
cohesion  is  a  result  of  the  attractive  forces  between  the  mole- 
cules, but  that  cohesion  is  not  a  direct  and  absolute  measure 
of  these  forces  seems  equally  certain,  because  cohesion  becomes 
zero  at  the  boiling  point,  while  molecular  attraction  becomes 
zero  only  in  the  ideal  gas.  If,  however,  the  critical  pressure 
is  a  measure  of  the  molecular  attraction  at  the  critical  tem- 
perature and  pressure,  the  values  of  cohesion  at  that  pressure 
for  lower  temperatures  might  be  regarded  as  increments  of 
molecular  attraction.  Cohesion  is  ordinarily  measured  un- 
der atmospheric  pressure  and  at  near  the  ordinary  tempera- 
ture, so  it  is  not  to  be  expected  that  the  values  obtained  as 
increments  will  be  proportional  to  the  molecular  attraction. 
The  values  for  the  surface-tension  of  the  substances  in  Table 
I.  are  given  in  column  XVI. 

M 
Table  II.  gives  the  values  of  the  constant  "■ —  for  all  sub- 
stances for  which  sufficient  data  could  be  found  in  the  litera- 
ture. For  reasons  enumerated  before,  I  have  used  the  values 
of  the  density  at  the  ordinary  temperature.  The  agreement 
is  of  the  same  order  already  observed.  To  show  that  much 
of  the  deviation  from  the  mean  value  may  be  explained  by 
the  personal  equations  of  the  different  investigators  and  the 
errors  of  measurement,  I  have  starred  the  values  obtained  by 
a  single  investigator.  Professor  Young,  to  whom  we  are  in- 
debted for  many  careful  determinations  of  the  critical  pressure. 
Seventeen  of  his  20  values  give  an  average  deviation  from  the 
mean  value  of  3920  of  only  3.7  per  cent.  The  value  for  phenyl 
iodide  is  over  40  per  cent  too  great,  but  it  is  to  be  noted  that 
the  figures  for  the  critical  pressure  of  this  substance  were 
calculated,  and  not  obtained  by  direct  observation.  These 
values  are  grouped  together  in  Table  III. 

There  seems  to  be  a  tendency  for  the  product  of  the  molecu- 
lar volume  and  critical  pressure  to  increase  with  the  molecular 
volume,  but  the  effect  is  hardly  recognizable.  For  our  present 
purposes,  we  shall,  then,  regard  the  product  as  a  constant 
and  the  molecular  volume  as  a  measure  of  molecular  attrac- 
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Table  III. 

Devia- 

Percent- 

Substance. 

M 

T . 

P 

tion  from 
the  mean. 

age  de 
viation. 

Methyl  formate 

[3460] 

Propyl  alcohol 

3750 

—170 

—4-3 

Ethyl  formate 

3830 

—  90 

—2.3 

Methyl  acetate 

3890 

—  30 

—o.S 

Benzene 

4200 

+  280 

+  7.1 

Phenyl  fluoride 

4240 

+  320 

+  8.2 

Propyl  formate 

4170 

+  250 

+  6.4 

Ethyl  acetate 

3720 

— 200 

—51 

Methyl  propionate 

3890 

—  30 

—0.8 

Methyl  isobutyrate 

3740 

—  80 

— 2.0 

Methyl  butyrate 

3810 

— 1 10 

—2.8 

Propyl  acetate 

3740 

—180 

—2.8 

Stannic  chloride 

4240 

+  300 

+  7.6 

Isopentane 

3790 

—130 

—3-3 

Ethyl  propionate 

3810 

— 1 10 

—2.8 

Hexane 

[4590I 

Phenyl  iodide  (calculated)  [5550] 

Diisopropyl 

3940 

+    20 

+  0.5 

Octane 

3990 

+    70 

+  1-7 

Diisobutyl 

4030 

+  110 

+  2.8 

Mean  value, 

3920 

3.7 

tion.     Further  evidence  in  support  of  this  view  will  be  given 
later  in  the  present  paper. 

Solubility  and  Molecular  Volume. 

If  we  consider  that  2  substances  of  large  molecular  volume 
and,  therefore,  of  small  molecular  attraction,  as  for  example, 
ether  and  carbon  tetrachloride,  be  brought  into  the  presence 
of  each  other,  it  is  easy  to  see  that  there  is  a  greater  chance 
of  their  being  rniscible  than  if  we  substitute  one  of  them  by  a 
substance  of  small  molecular  volume  and,  therefore,  of  greater 
molecular  attraction  as,  for  example,  water.  For  since  neither 
the  ether  nor  the  carbon  tetrachloride  has  strong  internal  at- 
traction, a  small  force  between  them  would  cause  them  to  mix, 
but  with  the  water,  on  the  contrary,  whose  internal  attrac- 
tion is  very  great,  it  might  require  quite  considerable  forces 
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between  it  and,  say,  carbon  tetrachloride,  to  cause  them  to 
mix  completely. 

If  we  regard  molecular  attraction  from  a  merely  physical 
point  of  view,  we  must  regard  it  as  a  mutual  action  between 
a  particle  and  its  fellows,  as  measured  by  the  inverse  molecular 
volume.  Therefore,  the  part  played  by  a  single  particle  is 
proportional  to  the  square  root  of  this  amount,  and  2  dissimilar 
particles  will  attract  each  pther  with  a  force  which  is  pro- 
portional to  the  product  of  their  single  attractions.  Conse- 
quently, no  2  substances  would  be  miscible  whose  molecular 
volumes  were  dififerent  by  an  appreciable  extent.  There  is, 
however,  a  certainty  that  in  many  cases  forces  exist  between 
dissimilar  molecules  which  are  not  of  the  mere  physical  nature 
referred  to  above.  Since  these  forces  give  rise  to  chemical 
reaction,  it  is  customary  to  speak  of  them  as  chemical  forces, 
but  a  reaction  does  not  necessarily  take  place  at  once  in  the 
presence  of  these  forces.  Many  reactions  take  place  with  ap- 
preciable velocity  only  in  the  presence  of  a  catalyzer.  The 
tendency  of  such  forces  would  be  to  neutralize  differences  of 
molecular  attraction  between  2  substances,  therefore,  the  num- 
ber of  mixtures  would  be  increased.  If,  however,  the  molecu- 
lar attraction  of  one  of  the  substances  is  very  great,  as  in  the 
case  of  water,  there  would  be  less  probability  of  its  mixing 
with  either  ether  or  carbon  tetrachloride,  because  the  attrac- 
tions between  the  unlike  particles  would  then  need  to  be  rather 
large  to  overcome  the  effect  of  their  very  different  molecular 
volumes. 

It  is  evident  that  the  views  here  expressed  may  be  tested 
by  experiment  with  great  ease. 

First  of  all  let  us  refer  to  a  solubility  list  due  to  Rothmund,* 
the  substances  being  given  in  colume  I.  of  Table  IV.  It 
represents  the  order  of  solubility  of  different  classes  of  sub- 
stances in  water.  He  pointed  out  that  the  substances  at 
each  end  of  the  list  are  miscible  with  each  other,  but  that 
the  solubility  of  the  pairs  decreases  as  the  distance  on  the  list 
between  the  components  increases.     This  is  in  harmony  with 
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Table  IV. 

I. 

II. 

III. 

IV. 

Rothmund's 

solubility  list. 

Type  chosen. 

Mol.  vol. 

Water 

Water 

18.0 

I 

Low  acids 

Formic  acid 

37-7 

2 

Low  alcohols 

Methyl  alcohol 

39-5 

3 

Low  ketones 

Acetone 

72.5 

7x 

Low  aldehydes 

Acetaldehyde 

55-6 

4 

Nitriles 

Propionitrile 

68.8 

6 

Phenols 

Phenol 

90.0 

8 

Arom.  aldehydes 

Benzaldehyde 

100.9 

10 

Ether 

Ether 

103.0 

II 

Halogen  derivatives 

Carbon  tetrachloride 

97  I 

9x 

Carbon  disulphide 

Carbon  disulphide 

58.9 

5X 

Hydrocarbons 

Hexane 

129.9 

12 

my  view  of  the  nature  of  solubility ;  but  we  may  go  further  and 
test  the  relation  of  the  molecular  volumes  of  the  substances 
representing  these  classes.  I  attach  importance  to  the  above 
list  because  it  was  compiled  by  another  worker  who  may  be 
considered  unprejudiced  as  far  as  this  present  theory  is  con- 
cerned. The  substances  representing  his  classes  are  given 
in  colume  II.,  their  molecular  volumes  in  column  III.  By 
the  numerals  in  column  IV.  it  is  seen  that  the  order  of  the 
molecular  volumes  agrees  with  the  solubility  order  given"  by 
Rothmund  in  all  except  3  cases.  The  chance  of  such  a  coin- 
cidence is  less  than  i  in  8,000,000. 

Rothmund  pointed  out  that  there  is  a  relation  between  the 
order  of  his  solubility  list  and  the  dielectric  constants  of  the 
substances  representing  those  classes,  but  he  was  unable  to 
explain  the  connection.  If  my  theory  is  correct,  the  connec- 
tion is  not  surprising,  because  dielectric  constants  are  also 
connected  with  molecular  volume. 

My  first  paper  on  this  subject*  furnished  a  considerable 
amount  of  evidence  bearing  on  the  theory  here  given.  That 
evidence  is  not  conclusive,  but  it  at  least  indicates  a  relation 
between  molecular  volume  and  solubility. 

That  work  serves  also  to  eliminate  certain  factors;  for  ex- 
ample, it  is  noticed  that  substances  with  a  comparatively 

1  This  Journal,  37,  549  (1907). 
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high  melting  point,  such  as  benzoic  acid,  do  not  behave  ab- 
normally on  that  account.  Benzoic  acid  appears  to  behave 
almost  exactly  the  same  as  phenyl  chloride,  whose  molecular 
volume  is  nearly  the  same. 

Rothmund  thought  of  solubility  as  selective  according  to 
classes  of  compounds,  that  all  alcohols  are  soluble  in  ethyl 
alcohol  and  all  acids  are  soluble  in  acetic  acid.  We  have 
found  formic  acid  immiscible  with  oleic  acid  below  135°  and 
miscible  with  substances  as  widely  different  as  isoamyl  alcohol 
and  toluene.  Hence,  just  as  the  molecular  volume  increases 
for  all  classes  as  we  ascend  the  series,  so  the  solubility  appears 
to  decrease. 

When  substances  differ  greatly  in  specific  gravity,  gravita- 
tion would  tend  to  prevent  solution.  It  was  for  this  reason 
that  the  author  worked  with  methylene  iodide,  sp.  gr.  =  3.285 
at  15°.  It  is  miscible  with  substances  of  nearly  the  same 
molecular  volume,  but  becomes  immiscible  more  quickly 
than  the  other  compounds  do.  This  may  prove  that  the  effect 
of  gravitation  upon  solubility  is  appreciable.  Further  study 
will  be  devoted  to  this  and  other  cases  of  a  similar  kind. 

These  experiments  can  only  be  regarded  as  preliminary, 
but  they  are  of  such  a  character  as  to  warrant  the  further 
prosecution  of  the  work.  I  have  tried  to  give  the  theory  as 
good  a  theoretical  basis  as  possible,  but  it  can  only  be  accepted 
so  long  as  it  accounts  for  the  known  facts.  It  is  seen  that 
there  are  a  great  many  interesting  ways  in  which  it  may  be 
further  tested. 

Conclusions. 

1.  Theoretical  considerations  seem  to  show  that  miscibility 
is  dependent  upon  the  attractions  between  the  particles. 
The  conditions  for  a  critical  solution  temperature  have  been 
given. 

2.  The  critical  solution  temperature  is  strictly  analogous 
to  the  ordinary  critical  temperature  when  a  foreign  gas  is 
present.  A  solution  of  a  liquid  in  a  liquid  has  been  shown 
to  pass  imperceptibly  into  that  of  a  gas  in  a  liquid,  and  of  a 
gas  in  a  gas. 
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3.  An  explanation  of  the  lower  critical  solution  temperature 
lias  been  offered  and  evidence  brought  forward  to  support 
that  view. 

4.  Evidence  has  been  given  to  show  that  molecular  attrac- 
tions are  inversely  proportional  to  molecular  volumes. 

5.  It  has  been  pointed  out  that  the  critical  pressure  is  a 
measure  of  the  molecular  attractions  at  the  critical  tempera- 
ture, and  the  product  of  critical  pressure  and  molecular  volume 
is  a  constant. 

Richmond  Collegb, 
Richmond,  Va., 
January,  1907. 


REVIEWS. 

A  History  op  Chemistry  prom  Earliest  Times  to  the  Present  Day, 
being  also  an  Introduction  to  the  Study  of  the  Science.  By  Ernst 
VON  Meyer,  Ph.D.,  Professor  of  Chemistry  in  the  Technical  High 
School,  Dresden.  Translated  with  the  Author's  Sanction  by  George 
McGowAN,  Ph.D.  Third  English  Edition,  translated  from  the  Third 
German  Edition,  with  various  additions  and  alterations.  London 
and  New  York:  Macmillan  Co.     1906.     pp.  691.     Price,  $2.50  net. 

A  thorough  review  of  the  first  edition  of  this  book,  written 
by  Remsen,  appeared  in  1889.^  A  notice  of  the  English  trans- 
lation appeared  in  1891.^ 

This  history  has  won  a  high  place  in  the  esteem  of  chemists. 
Several  shorter  works  covering  the  same  ground  have  appeared 
since  the  first  edition  of  v.  Meyer,  but,  thus  far,  nothing  has 
been  published  which  has  won  the  same  position,  and  it  may 
be  considered  the  best  of  the  larger  readable  histories  of 
chemistry. 

It  should  not  be  forgotten  that  all  later  histories  draw  most 
of  their  material,  except  that  for  later  years,  from  the  mass 
heaped  up  by  the  labor  of  Kopp,  and  preserved  in  his  "  Ge- 
schichte  der  Chemie"  and  his  "  Entwicklung  der  Chemie  in 
neuerer  Zeit."  Kopp's  valuable  books,  however,  owing  to 
his  singularly  involved  style,  are  extremely  difficult  reading  for 
Germans,  and  repelling  to  a  foreigner.  To  this  fact,  indeed, 
v.  Meyer's  book  owed  its  ready  acceptance  at  home  and  abroad. 

In  the  arrangement  of  v.  Meyer's  book  about  two-thirds 
of  the  volume  is  given  to  the  general  development  of  the  science 
from  the  earliest  times  to  the  present  day.  The  remainder 
is  special  history  of  the  various  branches  of  chemistry  during 

>  This  JoiniNAL,  11,  429. 
2  Ibid.,  IS,  506. 
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the  period  after  the  time  of  Lavoisier.  Since  the  publication 
of  the  second  edition,  the  historical  monographs  of  Kahlbaum 
and  of  Guareschij  the  historical  essays  of  Thorpe,  and  the 
books  of  Berthelot  on  the  early  history  of  chemistry  have 
appeared,  and  the  author  acknowledges  his  indebtedness  to 
these  writers  for  material  for  revision  of  the  book.  The 
author  has  rewritten  the  history  of  the  later  years  and  added 
to  it  a  careful  study  of  the  progress  made  during  the  last  dec- 
ade. 

While  a  certain  German  bias  is  occasionally  noticeable, 
V.  Meyer  is,  on  the  whole,  impartial,  and  gives  space  and  credit 
to  the  work  of  chemists,  in  proportion  to  its  importance,  ir- 
respective of  nationality. 

The  book  contains  70  pages  more  than  the  first  edition. 
In  its  new  form  it  will,  doubtless,  be  welcomed  by  old  readers 
and  by  new.  e.  r. 

Contributions  from  the  Research  Laboratory  of  Pitv^sical  Chem- 
i.sTRY  OP  THE  Massachusetts  Institute  of  Technology,  No.  14. 
A  System  of  Qualitative  Analysis  for  the  Common  Elements.  By 
Arthur  A.  Noyes  and  William  C.  Bray.  Introduction,  Outline  of 
the  Investigation.  Part  I.,  Preparation  of  the  Solution.  Part  II., 
Analysis  of  the  Silver,  Copper  and  Tin  Groups.  Reprinted  from  the 
Technology  Quarterly,  Vol.  XIX.,  No.  3,  September,  1906. 

The  authors  have  undertaken  an  investigation  for  the  pur- 
pose of  studying  and  improving  the  methods  used  in  qualita- 
tive analysis.  They  aim  "to  develop  a  system  which  will 
allow  the  detection  of  i  or  2  milligrams  of  an  element  in  any 
mixture"  and  "to  employ  only  such  processes  as  enable  a 
rough  estimate  to  be  made  of  the  quantity  of  the  various 
elements  present."  "To  this  end  tests  of  excessive  delicacy 
like  color  reactions  will  be  avoided,  and  each  element  obtained 
in  the  solid  form  as  a  precipitate  or  residue  as  far  as  possible." 

The  authors  present  the  results  of  their  investigation  "in 
parts,  each  of  which  treats  of  a  large  division  of  the  subject." 
Under  each  part  is  first  presented  a  "General  Discussion," 
in  which  are  given  the  reasons  for  the  adoption  of  the  process 
employed.  This  is  followed  by  a  "  Tabular  Outline,"  which 
gives  a  survey  of  the  important  steps  and  the  chemical  reac- 
tions involved  in  the  process  of  analysis.  Then  comes  the 
chapter  entitled  "Procedures  and  Notes,"  in  which  the  de- 
tails of  the  process  are  presented  and  discussed.  Next  are 
given  "Test  Analyses" finally  "Confirmatory  Experi- 
ments and  References." 

Part  I.  deals  with  the  preparation  of  the  solution.  All 
preliminary  tests  are  rejected,  excepting  the  test  for  organic 
matter  and  water,  by  heating  the  substance  in  a  closed  tube. 
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Solvents  are  used  in  the  following  order:  Water,  nitric  acid, 
hydrochloric  acid,  aqua  regia.  An  insoluble  residue  is  treated 
with  hydrofluoric  and  sulphuric  acids. 

Part  II.  deals  with  the  analysis  of  the  silver,  copper  and  tin 
groups.  The  authors  retain  the  usual  methods  of  precipitation 
and  analysis  of  the  silver  group.  "  In  the  direction  for  the 
precipitation  of  the  copper  and  tin  groups  by  HgS,  special 
attention  is  given  to  securing  the  proper  conditions  as  to  acid 
concentration  and  temperature  for  a  satisfactory  separation 
of  these  elements  from  those  of  the  iron  group." 

In  the  copper  group  the  metals  are  separated  in  the  usual 
manner,  using  the  reaction  of  sodium  stannite  or  bismuthyl 
hydroxide  for  final  detection  of  bismuth,  and  separating  cad- 
mium from  copper  by  precipitation  as  sulphide  from  the  solu- 
tion of  potassium  cuprocyanide  and  potassium  cadmic  cyanide. 

While  there  is  nothing  new  in  the  general  methods  of  solu- 
tion and  analysis  thus  far,  the  details  of  treatment  are  im- 
proved and  made  accurate. 

In  the  analysis  of  the  tin  group,  the  authors  give  us  a  new 
and  most  accurate  method  of  separating  arsenic,  antimony 
and  tin.  It  depends  on  the  solubility  of  arsenic  sulphide, 
antimonic  sulphide  and  stannic  sulphide  in  hydrochloric  acid 
of  different  concentrations.  The  arsenic  sulphide  is  separated 
as  usual  by  its  insolubility  in  a  measured  volume  of  hydro- 
chloric acid  of  1. 20  sp.  gr.  at  about  100°,  the  filtrate  is  diluted 
with  a  certain  measured  volume  of  water,  and  at  90°  hydro- 
gen sulphide  precipitates  all  antimony  as  pentasulphide, 
SbgSg.  The  filtrate  from  this  is  diluted  with  a  certain  volume 
of  water;  hydrogen  sulphide  precipitates  stannic  sulphide, 
SnSa- 

The  reviewer  has  tried  the  method  with  undergraduate 
students  making  their  first  attempt  in  the  analysis  of  this 
group,  and  found  that,  without  exception,  they  obtained  very 
satisfactory  results  in  the  same  time  that  other  beginners  re- 
quired to  analyze  the  group  by  the  usual  methods  with  less  re- 
liable result;  the  students  also  readily  separated  tin  from 
antimony  by  this  method  when  so  little  of  one  of  these  ele- 
ments was  present  that  separation  by  the  common  method 
gave  a  doubtful  result. 

The  educational  value  of  a  quaHtative  method  requiring 
measured  strength  and  volume  of  reagent,  measured  tempera- 
ture and  measured  time  of  reaction,  is  very  great,  and  such 
methods  form  the  best  preparation  for  quantitative  work. 

In  addition  to  the  common  metals  the  separations  of  platinum, 
selenium,  tellurium  and  molybdenum  are  included  in  this 
scheme. 
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Wherever  the  application  of  the  theory  of  electrolytic  dis- 
sociation, or  the  law  of  mass  action  would  assist  in  making 
the  reactions  clear,  the  authors  make  such  application. 

Teachers  of  analytical  chemistry  owe  much  to  Noyes  and 
Bray  for  their  thorough  investigation,  and  will  eagerly  await 
the  completion  of  the  system. 

E.  Renouf. 

Photography  for  Students  of  Physics  and  Chemistry.  By  Louis 
Derr.  London  and  New  York:  Macmillan  Co.  1906.  Price,  $1.40 
net. 

This  little  book  occupies  a  place  midway  between  the  dealer's 
handbook,  telling  how  to  go  through  photographic  manipula- 
tions, and  the  detailed  treatise,  monographs  on  special  topics, 
and  the  like,  intended  for  the  specialist  in  scientific  photography. 
It  is  planned,  as  the  author  explains,  for  students  who,  using 
photography  in  their  physical  and  chemical  work,  are  interested 
enough  in  the  processes  gone  through  to  wish  to  learn  some- 
thing of  the  underlying  science.  Such  a  book  should,  above 
all,  be  clear  and  interesting.  This  desideratum  is  well  ful- 
filled in  the  present  case,  the  numerous  excellent  illustrations 
assisting  materially  thereto. 

The  first  chapters  are  occupied  with  a  consideration  of 
the  camera  and  its  accessories.  The  lens  is  treated  at  considera- 
ble length,  starting  with  the  simplest  image-forming  device,  the 
pin-hole.  Of  particular  use  to  the  physicist  or  chemist  who 
desires  to  do  photographic  work  should  be  the  chapter  on  the 
various  classes  and  makes  of  lenses,  from  which  he  may  learn 
what  he  needs,  and,  often  of  more  importance,  what  he  does 
not  need,  in  the  way  of  a  lens.  Aberrations,  astigmatism, 
distortion,  and  similar  faults,  are  defined,  explained,  and  the 
methods  of  detection  satisfactorily  outhned.  The  explana- 
tion of  camera  perspective  in  the  chapter  on  diaphragms 
would,  perhaps,  be  more  effective  were  an  illustration  in- 
serted, instead  of  the  mere  mention  that  a  6-inch  fish  can  be 
made  to  assume  imposing  proportions  if  photographed  with 
its  captor  in  the  proper,  or  perhaps  one  should  say,  improper 
fashion. 

Of  more  direct  interest  to  the  student  of  chemistry,  probably, 
is  the  second  portion  of  the  book.  In  this  the  photographic 
plate  is  considered,  the  chemistry  of  exposure,  development, 
fixing,  washing,  intensification  and  reduction.  The  question 
of  gradation  rendering  both  in  the  normally  exposed  plate  and 
as  affected  by  intensification  and  reduction  is  given  the  em- 
phasis it  deserves.  Chapters  on  halation,  reversal,  and  mark- 
ings on  the  plate  add  to  the  usefulness  of  the  work  as  a  guide 
to  correct  manipulation. 
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Two  chapters  are  devoted  to  lantern  slides  and  printing 
processes.  It  is  to  be  regretted  that  more  attention  could 
not  have  been  given  to  other  applications  of  photography 
of  which  the  student  is  Ukely  to  have  need.  A  chapter  on 
photomicrography  and  photographing  with  optical  instru- 
ments in  general  would  be  a  desirable  feature.  Also  a  chap- 
ter on  the  several  extremely  interesting  photo-mechanical 
reproduction  processes  could  well  find  a  place  here. 

The  last  chapter  is  on  color  photography.  Of  this  interest- 
ing subject  the  author  gives  merely  the  main  outlines  of  the 
principal  direct  and  indirect  methods.  Doubtless  the  small 
opportunity  afforded  the  average  student  at  present  for  try- 
ing his  hand  at  these  processes  calls  for  no  more  than  this  brief 
treatment.  One  error  is  to  be  noted  in  the  account  of  the 
three-color  process.  Everywhere  the  pictures  are  spoken 
of  as  being  taken  through  "red,  green  and  violet"  glasses, 
and  viewed  by  the  same  colors.  The  correct  account  of  the 
essential  difference  between  the  "  taking  screens,"  which  be- 
tween them  transmit  all  the  spectrum  colors,  and  the  "view- 
ing screens,"  which  are  monochromatic,  in  view  of  the  very 
general  misconception  regarding  these  special  facts,  should 
have  been  emphasized,  and  this  could  easily  have  been  d''ne. 
Several  other  statements  in  the  book  dealing  with  color  can- 
not be  taken  quite  hterally;  for  instance,  calling  the  color  of 
the  spectrum  at  C  "orange-red"  looks  well  on  paper  as  fitting 
neatly  in  the  gap  between  "B-red"  and  "  D -yellow,"  but 
does  not  find  support  in  the  deep  unmistakable  red  of  that 
line  as  seen  by  the  normal  eye. 

Aside  from  these  slight  errors  and  omissions,  the  latter,  of 
course,  being  largely  a  matter  of  personal  opinion,  this  book 
contains  an  immense  amount  of  interesting  and  useful  in- 
formation. It  should  be  an  excellent  addition  to  the  student's 
library. 

H.  E.  Ives. 

Inorganic  Qualitative  Chemical  Analysis  for  Advanced  Schools 
AND   Colleges.     By  William   Stowell   Leavenworth,  M.Sc,   Pro- 
fessor of  Chemistry,  Olivet  College.     Easton,  Pa.:  Chemical  Publish- 
ing Co.     1906.     pp.  153.     Price,  $1.50. 
The  author  says  that  he  "aims  to  offer  a  manual  which 

will  occupy  an  intermediate  position   between  the  elaborate 

treatise  and  the  skeleton  outUne." 

The   only  feature  in  which  this  differs  from  certain  other 

similar  books  is  the  method  of  putting  questions  to  the  student 

in  the  text,  used  by  Remsen  and  his  followers  in  text-books 

and  applied  to  quahtative  analysis  many  years  ago  by  Vol- 

hard. 
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The  methods  of  separation  are  good  and  the  book,  doubt- 
less, gives  satisfaction.  e.  r. 

The  Toxins  and  Anti-Toxins  and  Their  Anti-bodies.  By  Em.  Pozzi- 
EscoT.  Authorized  translation  by  Alfred  I.  Cohn,  Phar.D.  New 
York:  John  Wiley  &  Sons.     1906.     Price,  $1.00  net. 

The  booklet  of  100  pages  before  us  cannot  be  viewed  as  a 
very  successful  effort  to  present,  in  brief  space,  a  simple  and 
substantial  account  of  the  subject-matter  given  in  the  title. 
It  deals,  indeed,  with  a  wide  series  of  substances  from  leuco- 
maines  and  ptomaines  to  the  poisons  (toxins?)  of  certain  ani- 
mals and  insects,  many  of  which  have  hardly  any  scientific 
standing  at  all.  The  account  of  the  toxins  and  anti-toxins 
proper  is  brief  and  scarcely  adequate  to  their  understanding, 
or  their  present  importance  among  the  various  bodies  de- 
scribed in  the  book.  The  subject  of  the  toxins  and  anti- 
toxins is  one  that  must  present,  at  this  time,  almost  insuperable 
difficulties  to  any  one  attempting  a  popular  exposition.  Chem- 
ists have  not  arrived,  as  yet,  at  any  decision  as  to  their  nature; 
and  the  biological  phenomena  upon  which  their  actions,  recog- 
nitions and  properties  chiefly  depend  are  exceedingly  com- 
plex and  only  sUghtly  understood.  The  hypotheses  of  Metsch- 
nikoflf,  EhrUch  and  others  through  which  attempts  have  been 
made  to  grasp  the  meaning  of  the  anti-bodies,  immunity  to 
micro  parasites  and  their  poisons,  brilliant  as  they  are,  cannot 
be  presented  in  a  few  brief  paragraphs  in  such  a  manner  as 
to  be  intelligible  to  the  casual  reader.  The  consideration  given 
the  phenomenon  of  phagocytosis  would  not  enable  the  unpro- 
fessional reader  to  form  any  conception  of  the  nature  of  this 
fundamental  process;  and  the  references  to  Khrlich's  side- 
chain  theory  of  immunity,  etc,  must  be,  even  to  chemists, 
accustomed  to  think  in  the  terms  of  the  more  definite  chem- 
ical conception,  as  opposed  to  the  more  fanciful  morphological 
one,  little  enlightening.  The  influence  of  the  French  school 
on  the  author's  convictions  is  found  in  the  stress  laid  upon  the 
diastatic  nature  of  the  toxins.  One  could  hardly  imagine, 
from  the  prominence  given  this  conception,  that  it  is  based 
upon  circumstantial  evidence  which  to  many  scientists  is  wholly 
unconvincing.  The  translator  has,  apparently,  done  his 
work  well  for  the  most  part;  but  whether  to  him  or  to  the 
author  is  to  be  discredited  the  statement  made  once  or  twice 
that  Ehrlich's  theory  furnishes  us  with  an  explanation  of  the 
formation  of  anti-toxins  in  tumors,  it  would  be  interesting  to 
know. 

There  is  a  dearth  of  semi-popular  books  dealing  with  the 
important  subject  of  toxins,  anti-bodies,  immunity,  and    re- 
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lated  phenomena.  It  may  even  be  hazarded  that  the  time 
is  still  unripe  for  the  appearance  of  such  a  work  which  would 
be  adequate  in  its  treatment.  The  present  volume  fails  to 
meet  the  requirements  of  such  a  volume.  s.  F. 

Boh,Er-Waters.  Scale,  Corrosion  and  Foaming.  By  William  Wal- 
lace Christie.  New  York:  D.  Van  Nostrand  Co.  1906.  pp. 
vii  +  235.     Price,  $3.00  net. 

The  importance  of  this  subject  in  connection  with  steam - 
making  has  long  been  recognized  by  Master  Mechanics,  but 
only  within  comparatively  recent  years  has  proper  attention 
been  devoted  to  it  by  those  most  concerned.  This  book  is 
intended  to  "  furnish  steam  users  with  information  regarding 
water,  its  use,  the  troubles  arising  from  the  use  and  reme- 
dies that  may  be  used."  There  are  10  chapters  covering  the 
different  subjects  treated.  There  appears  to  be  some  lack 
of  co-ordination  in  different  parts  of  the  book,  and  the  reader 
is  left  somewhat  uncertain  as  to  the  conclusions:  Thus,  on 
p.  41,  we  read,  from  Stromeyer  and  Baron,  "Scale  does  not 
materially  reduce  the  efficiency  of  a  boiler,  but  it  seriously 
increases  its  wear  and  tear,"  etc  But  on  p.  53,  experiments 
by  Hirsch  show  that  scale  0.2  inch  thick  caused  an  increase 
of  460°  in  temperature  on  the  fire  side,  to  evaporate  55  lbs. 
of  water  per  hour.  And  thus  scale  offers  five  times  the  resis- 
tance to  the  transmission  of  heat  that  iron  does.  And  on  p. 
57,  Bell  is  quoted  to  the  effect  that  a  slightly  scaled  boiler 
evaporated  8. 04  lbs.  water  per  lb.  of  dry  coal,  while  the  same 
boiler,  when  clean,  evaporated  10.3  lbs.  per  lb.  of  coal.  And  on  p. 
58  is  a  table  showing  the  losses  of  conductivity  of  heat  due  to 
scale;  and  on  p.  59,  as  the  results  of  tests  on  a  locomotive,  a 
loss  of  9.55  per  cent  is  ascribed  to  a  scale  3/64  inch  in  thick- 
ness. The  character  of  the  scale  has  great  effect  upon  the 
quantity  of  heat  loss. 

In  the  chapter  on  Priming  and  Foaming,  a  clear  distinction 
is  not  made  between  the  two  phenomena,  and  under  the  heading 
of  Priming  there  appears  a  considerable  amount  of  informa- 
tion about  Foaming.  The  author  quotes  Koyl  as  attributing 
foaming  to  the  presence  of  finely  divided  sediment  in  the  water 
and  discredits  the  effects  of  free  alkali  as  the  producer  of 
foam. 

Some  typographical  errors  may  be  noted  for  future  correc- 
tion. On  p.  8,  line  10  from  the  bottom,  calcium  sulphate 
appears  where  sodium  sulphate  was  probably  intended;  on 
p.  14,  the  unqualified  statement  is  made  that  aluminum  oxide 
is  insoluble  in  acids  and  soluble  in  water.  In  the  table  of 
symbols,  misprints  in  the  formula  for    iron  rust,  potassium 
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bicarbonate,  kaolin,  boric  acid  and  talc,  have  been  noted. 
These  defects  have  not  been  specified  in  any  spirit  of  unreason- 
able criticism,  but  as  an  aid  to  the  production  of  the  more 
perfect  work  which  the  author  promises  in  the  near  future. 

The  chapters  on  Feed-water  Heaters  is  well  presented  and 
copiously  illustrated,  a  number  of  standard  makes  being  de- 
scribed. The  chemistry  of  water  softening  is  very  well  treated 
in  Chap.  IX.,  and  descriptions  of  a  number  of  appliances  for 
carrying  on  the  processes  are  included.  The  chapters  on 
Corrosion  and  Oil  contain  much  information  with  which 
every  steam  user  and  engineer  in  charge  of  boilers  should  be 
made  acquainted.  The  typographic  work  and  general  make 
up  of  the  book  is  very  good  and  the  illustrations  are  excellent. 

F.  H.  T. 

Physical  Chemistry  in  the  Service  op  Medicine.  Seven  Addresses 
by  Dr.  Wolfgang  Pauli,  Privatdocent  in  Internal  Medicine  at  the 
University  of  Vienna.  Authorized  translation  by  Dr.  Martin  H. 
Fischer,  Professor  of  Pathology  at  the  Oakland  College  of  Medicine. 
First  Edition.  New  York:  John  Wiley  &  Sons.  1907.  pp.  156. 
Price,  $1.25  net. 

This  small  volume  contains  the  translations  of  7  addresses 
by  the  Viennese  investigator  whose  name  has  become  known 
through  his  excellent  work  on  the  action  of  salts  on  proteids. 
The  author  states  that  the  volume  is  to  be  looked  upon  as  a 
modest  attempt  to  win  friends  capable  of  working  in  this 
fruitful  field  of  labor. 

In  the  course  of  the  addresses  the  author  discusses  the  fol- 
lowing principal  topics :  '  'The  Colloidal  State  and  the  Reactions 
that  Go  On  in  Living  Matter;"  "Therapeutic  Studies  on  Ions" 
and  "  The  Relation  of  Physico-chemical  Properties  and  Me- 
dicinal Effects;"  "Changes  Wrought  in  Pathology  through  Ad- 
vances in  Physical  Chemistry." 

It  is  perfectly  obvious  that  the  author  is  a  great  enthusiast 
in  this  particular  field  of  work,  in  consequence  of  which  the  book 
is  very  interesting.  No  one  can  doubt  the  great  service  of 
an  enthusiast  in  a  certain  field  even  if  he  ignores  other  branches 
which  should  be  taken  into  consideration.  It  is  difficult  to 
criticize  a  book  of  this  character  and  at  the  same  time  to  avoid 
giving  the  impression  of  being  antagonistic  to  the  Une  of  work 
in  question.  It  is  perfectly  apparent,  even  to  the  casual  ob- 
server, that  a  clearer  understanding  of  the  colloidal  state  and 
the  action  of  salts  on  proteids  is  of  prime  importance  to  all 
of  the  biological  sciences  and  the  reviewer  is  in  entire  sympathy 
with  attempts  to  use  all  physiochemical  methods  available 
for  the  elucidation  of  these  problems.  However,  the  one- 
sidedness  of  the  writer's  point  of  view  detracts  very  much 
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from  the  value  of  the  book  and,  in  places,  gives  rise  to  antag- 
onism even  in  those  in  sympathy  with  the  work.  Thus,  in 
the  address  entitled,  "Therapeutic  Studies  on  Ions"  the  author 
quotes  certain  experiments  on  the  precipitating  action  of  salts 
upon  proteid,  from  which  he  concluded  that  sulphocyanates 
should  possess  pharmacological  properties  similar  to  the 
iodides.  He  does  not  mention  here  what  proteid  he  used- 
He  then  proceeded  to  test  his  views  by  administering  these 
substances  to  patients.  The  clinical  results  presented  are  of 
absolutely  no  value  as  corroborative  evidence.  In  the  table 
given,  the  fluorides  stand  next  to  the  sulphates  and,  reasoning 
similarly,  they  should  have  similar  pharmacological  effects 
yet  they  could  hardly  be  further  apart.  In  speaking  of  the 
analogy  between  changes  in  the  organic  colloids  and  Ufe  phe- 
nomena, the  author  makes  the  following  statement:  "Be- 
sides a  Umited  identity,  extensive  differences  may  therefore 
exist,  many  of  which  are  still  beyond  our  understanding." 
This  sentence  illustrates  the  general  theme  of  the  addresses. 
It  has  been  known  for  some  years  that  the  effect  of  a  certain 
series  of  salts  on  gelatin,  when  arranged  in  the  order  of  their 
action,  will  be  found  to  stand  in  the  same  order  in  certain 
of  their  pharmacological  effects.  This  parallelism  has  been 
carried  too  far  by  the  author,  as  is  indicated  by  the  phrase 
"limited  identity"  in  the  above  quotation  instead  of  the 
word  "  similarity."  The  author  seems  to  consider  the  chem- 
istry of  a  salt  exhausted  so  far  as  its  pharmacological  action 
is  concerned  when  its  precipitating  action  on  certain  labora- 
tory preparations  of  the  proteids  has  been  studied. 

A  few  omissions  of  recent  work  occur.  Thus,  on  p.  59, 
the  author  states  that  the  unit  of  molecular  concentration  of  a 
non-dissociable  substance  is  the  molecular  weight  expressed 
in  grams,  dissolved  in  enough  water  to  make  a  liter.  Morse 
and  Frazer  have  shown  that  a  liter  of  the  solvent  must  be 
used  regardless  of  the  total  volume  of  the  solution  and  it  is 
important  that  this  fact  should  speedily  find  its  way  into  bio- 
logical literature  on  these  subjects. 

The  work  of  the  translator  is  fairly  satisfactory,  but  in  many 
places  the  sentences  have  the  typical  German  construction. 
The  book  presents  an  interesting  summary  of  this  line  of  work, 
the  value  of  which  is  somewhat  lessened  by  the  absence  of 
references  to  the  literature.  a.  s.  L- 
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SOME  DERIVATIVES  OF  TETRACHLORORTHOBENZO- 
OUINONE.' 

By  C.  Loring  Jackson  and  R.  D.  MacLaurin. 

The  action  of  methyl  alcohol  on  tetrabromorthobenzo 
quinone  was  studied  by  Porter  and  one  of  us^  and  was  found 
to  be  comparatively  simple,  consisting,  if  the  reaction  was 
carried  on  at  ordinary  temperatures,  in  the  formation  of  two 
compounds : 

a.   (C«BrA)4CH30H.3 

h.  The  a-body,  octobromorthoquino-i-methoxy-i'-hydroxy- 
I  -  monoxide,  ^CeBr.OOCH^OHOOCfiBr,. 

By  the  action  of  various  reagents  b  was  changed  into  c, 
the     isomeric    /^-compound,     octobromorthoquino-i-methoxy- 

1  The  work  described  iu  this  paper  formed  part  of  a  thesis  presented  to  the  Faculty 
of  Arts  and  Sciences  of  Harvard  University,  for  the  degree  of  Doctor  of  Philosophy 
by  Robert  D.  MacLaurin. 

■■*  This  Journal.  31.  95  (1904). 

'  Jackson  and  H.  A.  Carlton:  This  Journal,  34,  425  (1904). 

*Ibtd..yi,S7  (1907). 
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i'-hydroxy-i,2,2-trioxide,  CeBr.OCHgOaHOQBr^,  but  this  sub- 
stance has  never  been  obtained  by  the  action  of  cold  methyl 
alcohol  on  tetrabromorthoquinone. 

The  action  of  cold  methyl  alcohol  on  tetrachlororthobenzo- 
quinone,  CgCl^Oj,  has  been  studied  by  us  for  nearly  three  years, 
and  in  this  paper  we  give  the  results  of  this  work,  which  has 
led  to  the  isolation  of  six  products. 

1.  The  /?-compound,  octochlororthoquino-i-methoxy-i '-hy- 
droxy-1,2,2 -trioxide,  CeCl.OCHjOjHOCBCl,,  melting  at  157°, 
without  decomposition. 

2.  3,5,6-Trichlor-4-  methoxyorthobenzoquinonemonomethyl- 
hemiacetal,  QClgOCHgOCOCHgOH),  melting  at  i38°-i4o°  with- 
out apparent  decomposition. 

3.  3,5,6-Trichlor-2-hydroxyparaquinone,  CgCl30H02,  orange 
plates  melting  at  198°  to  a  pale  brown  liquid. 

4.  Chloranilic  acid,  CeCljCOH),©,. 

5.  Hexachlororthoquinomonomethylhemiacetalpyrocatechin 
ether,  C«Cl,0,.C6Cl20(OCH30H),  yellow  needles  melting  at  198^ 
with  reddening. 

6.  Hexachlororthoquinodimethylhemiac etalpyrocatechin 
ether,  C6ClA-C6Cl2(OCH30H)(OCH30H),  white  plates  melting 
at  218°  to  a  fawn-colored  liquid. 

These  observations  add  another  case  to  the  list  of  those,  in 
which  chlorine  and  bromine  derivatives  act  differently,  the  two 
series  having  no  members  in  common,  for,  although  i  and  c 
belong  to  the  same  class,  the  correspondence  is  rather  apparent 
than  real,  because  the  /?-chlor  compound  (i)  was  made  by  the 
action  of  cold  methyl  alcohol  on  the  quinone,  whereas  the 
/3-brom  compound  (c)  has  never  been  obtained  in  this  way.  In 
our  first  experiment,  to  be  sure,  we  obtained  a  substance,  which 
seemed  to  be  the  a-compound  (CeCl402)2CH30H  (corre- 
sponding to  b)  to  judge  from  a  single  chlorine  determination  and 
its  properties,  but,  as  we  have  never  succeeded  in  making  this 
body  again,  although  we  have  tried  a  great  number  of  experi- 
ments under  the  most  varied  conditions  we  could  devise,  we  do 
not  feel  justified  in  announcing  its  existence. 

The  principal  cause  of  the  difference  between  these  two  series 
consists  in  the  fact  that  with  the  bromine  compounds  the  action 
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is  confined  to  the  atoms  of  oxygen,  whereas  in  the  chlorine  com- 
pounds (except  i),  the  halogen  also  takes  part  in  the  reaction. 
This  easier  replacement  of  the  chlorine  is  the  more  strange, 
because  in  an  earlier  paper*  we  have  shown  that  in  the  substituted 
dianilinoparaquinoneanils  the  reverse  is  true,  bromine  being 
replaced  decidedly  more  easily  than  chlorine.  Further  experi- 
ments will  be  necessary  to  determine,  whether  this  difference  in 
behavior  is  caused  by  the  presence  of  the  anilino  groups,  or  by 
the  fact  that  these  bodies  are  derivatives  of  para  instead  of 
orthoquinone. 

In  the  following  accounts  of  these  six  compounds  we  give  our 
reasons  for  the  constitution  assigned  to  each,  while  the  details 
of  ouf  work  will  be  found  in  the  Experimental  Part. 

I.  The  ^-compound,  CeCliOCHsOgHOCeCl^,  Octochlorortho- 
quino-i -methoxy-i'-hydroxy-i ,2 ,2-trtoxide. — This  substance  was 
formed,  when  tetrachlororthoquinonc  was  allowed  to  stand  in 
the  cold  with  methyl  alcohol  in  the  proportion  of  1-5  cc.  to 
each  gram.  It  crystallizes  in  rhombic  plates,  which  melt 
without  change  of  color  at  157°.  These  properties,  with 
the  analytical  results,  are  sufficient  to  characterize  it  as  the 
/3-compound.  Its  structure,  therefore,  is  represented  by  the 
following  formula^ 


2.  3,5,6 -Trichlor - 4-mcthoxyorthobenzoquinone  monomethyl- 
hemiacetal,  CeClaOCHgOCOCHgOH).  This  substance  was  the 
principal  product,  when  8-12  cc.  of  cold  methyl  alcohol  were 
used  for  each  gram  of  the  tetrachlororthoquinonc.     It  forms 

*  This  Journal,  37,  10  (1907). 
» Ibid.,  37,  87  (1907). 
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white,  thick  rhombic  plates,  which  melt  at  i38°-i40°  to  a  col- 
orless liquid,  changing  to  red  after  standing  in  the  hot  bath  for 
5  minutes.  Its  constitution  was  determined  by  the  following 
observations: — Molecular  weight  determinations  by  the  boiling 
point  process  showed  it  contained  only  one  benzene  ring.  Acetic 
anhydride  gives  a  monacet  derivative, 

C^ClgOCHgOCOCHgOC^HjO)  , 

melting  at  149°- 150°,  indicating  the  presence  of  only  one  hy- 
droxyl  group;  this  acet  compound  forms  a  hydrazone  (melt- 
ing point  235°)  with  phenylhydrazine,  and  the  substance, 
therefore,  contains  a  keto  group.  Strong  hydrochloric  acid 
converts  it  into  the  3,5,6-trichlor-2-oxyparabenzoquinone, 
C0CI3OHO2,  and  this  reaction  undoubtedly  consists  in  the  con- 
version of  the  body  first  into  3,5,6-trichlor-4-oxyorthoqui- 
none,  which  then,  by  the  usual  shifting  of  the  hydrogen,  is 
changed  into  the  paraquinone. 

The  hemiacetal  itself  is  not  derived  from  a  paraquinone,  since 
it  is  formed  from  the  tetrachlororthoquinone.  The  formation 
of  chloranilic  acid  from  the  substance  by  the  action  of  sodic 
hydrate  proves  that  the  methoxyl  is  not  at  3  or  6,  but  must  stand 
at  4  or  5.  The  white  color  of  the  compound  is  in  harmony  with 
what  is  known  of  quinone  hemiacetals,  but  its  stability  is  de- 
cidedly greater  than  that  of  the  hemiacetals  derived  from  para- 
quinones.  The  substance  is,  therefore,  the  monomethyl- 
hemiacetal  of  the  3,5,6-trichlor-4-methoxyorthoquinone,  melt- 
ing at  93°-94°,  discovered  by  Zincke  and  Schaum,^  and  is 
represented  by  the  following  formula, 

CI 

/\ 
Cl/       ^o 


CH30^ 

CI 


OH 
OCH, 


I  Ber.  d.  chem.  Ges.,  27,  555  (1894). 
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in  which  the  position  of  the  hemiacctal  group  with  reference 
to  the  methoxyl  has  not  been  determined. 

So  far  as  we  can  find  but  one  other  hemiacetal  of  an  ortho- 
quinone  has  been  prepared.  This  was  made  by  Zincke  and 
Schauni/  and  has  the  formula,  CeCl30CH3(OCH3)2(OHOCH3). 
The  following  hemiacetals  of  dike  to  compounds  are,  however, 
closely  related  to  orthoquinone  hemiacetals; 

C,oH4Cl,0(OHOCH3)V2H202  and  CioHeOCH30(OHOCH3)N028. 

On  one  occasion  a  yellow  product  melting  at  210°  was  formed 
by  shaking  the  monohemiacetal  (2)  with  methyl  alcohol  and 
hydrochloric  acid.  A  single  determination  of  chlorine  gave  a 
result  corresponding  to  a  dichlordimethoxyquinone,  but,  as  we 
did  not  succeed  in  making  it  again,  its  existence  cannot  be  con- 
sidered established. 

3-  3,5,6-Trichlor-2-oxyparaquinone,  C8CI3OHO2. — This  sub- 
stance was  obtained  in  hexagonal  orange  plates  from  the 
mother  liquors  of  the  (^-compound  (i)  made  by  the  action  of 
cold  methyl  alcohol  on  tetrachlororthoquinone  in  the  proportion 
of  2  cc.  to  each  gram.  It  was  more  conveniently  prepared  by 
the  action  of  hydrochloric  acid  on  the  monomethylhemiacetal  (2). 

At  first  we  supposed  that  this  compound  was  the  4-oxyortho- 
quinone,  but,  as  its  melting  point,  198°,  was  not  far  from  194°, 
that  of  the  3,5,6-trichlor-2-oxyparaquinone  of  Zincke  and 
Schauni,^  it  seemed  more  probable  that  the  4-oxyorthoquinone, 
which  must  have  been  the  original  product,  had  become 
converted  into  this  oxyparaquinone.  To  test  this  point  the 
acet  compound,  CgClaOCjHaOOj,  melting  at  127°,  was  made  and 
reduced  b)^  sulphurous  anhydride  to  the  dihydrox}^  compound, 
C6Cl30C2H30(OH)2,  which  was  tested  for  orthohydroxyls  with 
ferric  chloride,  plumbic  acetate,  and  picric  acid,  and  as  all  of  these 
tests  gave  negative  results,  there  can  be  no  doubt  that  our  sub- 
stance is  not  an  orthoquinone.  To  establish  more  securely  the 
identity  of  our  product  with  that  of  Zincke  and  Schaum  it  was 
reduced  with    sulphurous    dioxide    to  the    oxyhydroquinone, 

1  Ber.  d.  chem.  Ges.,  27,  551  (1894) 

^  Zincke  and  Arnst:  Ann.  Chem.  (Liebig),  267,  332  (1892). 

'  Zincke  and  Neumann:  Ibid.,  278,  173  (1893). 

*  Ber.  d.  chem.  Ges.,  27,  556  (1894). 
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CeCl3(OH)3,and  this  melted  at  162° which  is  2°  higher  than  the 
melting-point  given  by  them;  but  the  triacetyl  compound, 
CbC13(OC2H30)3,  made  from  it  showed  the  melting  point  171°, 
the  same  as  that  observed  by  them.  There  can  be  no  doubt, 
therefore,  that  our  compound  is  identical  with  that  of  Zinckeand 
Schaum  in  spite  of  these  slight  differences  in  melting  points. 
That  it  is  a  2-hydroxy  compound  is  proved  by  its  easy  con- 
version into  chloranilic  acid. 

4.  Chloranilic  Acid,  Qffl\{0\l)202- — This  body  was  ob- 
tained from  the  mother  liquors,  which  also  yielded  the  oxypara- 
quinone  (3).  That  it  was  chloranilic  acid  and  not  an  isomer  was 
proved  by  a  careful  comparison  of  our  product  with  chloranilic 
acid  from  chloranil,  the  details  of  which  are  given  in  an  earher 
paper.* 

The  appearance  of  these  two  hydroxyl  compounds  as  products 
of  the  action  of  methyl  alcohol  is  striking.  The  saponification 
of  the  methoxyl  bodies  formed  at  first  may  have  been  due  to 
the  hydrochloric  acid  also  produced  by  the  action  of  methyl 
alcohol  on  tetrachlororthoquinone,  or,  as  they  were  obtained 
from  mother  Hquors  which  had  been  exposed  to  the  air  for  a 
long  time,  they  may  have  owed  their  formation  to  atmospheric 
moisture,  or  even,  perhaps,  the  ammonia  in  the  air  of  the  lab- 
oratory may  have  taken  part  in  the  reaction. 

5.  Hexachlororthoquinomonomethylhemiacetalpyrocatechin  Ether, 
C6Cl402C6Cl20(OCH30H).— Tliis  product  of  the  action  of 
methyl  alcohol  on  tetrachlororthoquinone  crystallizes  in  yellow 
needles,  melting  at  198°.  As  the  orange  oxyparaquinone, 
CgClgOHOz  (3)  also  melts  at  198°,  we  give  a  comparison  in  tabular 
form  of  some  of  the  more  striking  properties  of  these  substances 
to  show  that  they  are  different. 

Trichlor  oxyparaquinone  Hexachlormonohemiacetal 

Mol.  wt.  227.  Mol.  wt.  457. 

Orange  leaflets  Yellow  needles 

Purple  solution  with  water         No  action  Avith  water 
Sulphuric  acid  decomposes  it     Sulphuric    acid    gives    red, 

CgCl^O.-QClsO... 
Acet  compound  brassy  plates,     Acet  compound  pale  yellow, 
melting  at  127°.  cauliflower- like  masses, 

melting  at  215°. 

*  This  JoxmNAL,  87,  97  (1907). 
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This  table  would  not  have  been  needed,  if  our  analytical  re- 
sults had  been  decisive.  Unfortunately  this  is  not  the  case,  for, 
although  one  combustion  agreed  with  the  formula  given  above, 
a  second  gave  different  results,  and  the  work  was  done  so  late  that 
there  was  not  time  to  prepare  sufficient  substance  for  a  new 
determination.  The  hemiacetal  formula,  however,  agrees  so 
well  with  all  the  observed  facts,  that  there  is  little  doubt  of  its 
correctness,  and  it  can  be  accepted,  until  the  final  proof  is  given 
by  new  combustions  and  experiments  which  will  be  made  when 
the  work  is  continued  in  this  laboratory. 

The  arguments  in  favor  of  the  formula  assigned  to  this 
substance  follow.  That  it  is  a  derivative  of  hexachlorortho- 
quinopyrocatechin  ether,  CoCl402C„Cl202,  is  shown  by  its  quan- 
titative conversion  into  this  substance,  when  treated  with  strong 
sulphuric  acid,  and  by  its  formation  from  this  ether  by  the  action 
of  methyl  alcohol.  This  last  reaction  also  indicates  that  it  is 
probably  a  hemiacetal ;  and  this  indication  is  raised  nearly  to  a 
certainty  by  its  formation  from  the  trichlormethoxymono- 
methylhemiacetal,  (2, the  constitution  of  which  has  been  estab- 
lished) and  tetrachlororthoquinone  in  methyl  alcohol  solution, 
as  shown  by  the  following  reaction : 

CeCl,(OH)2  +  CeCl30CH30(OCH30H)  = 

CeClACeClaOCOCHgOH) -f  HCH  CH3OH, 

in  which  the  tetrachlorpyrocatechin  may  have  been  produced 
by  the  action  of  the  methyl  alcohol  on  the  orthoquinone,  or 
more  probably  after  the  reaction  has  started,  by  the  hydro- 
chloric acid  formed.  The  removal  of  methyl  alcohol  in  such  a 
reaction  is  an  unusual  phenomenon,  but  not  without  analogy, 
asGrindley  and  one  of  us'  found  that  the  phenoxy  group  in  para- 
quinone  derivatives  was  easily  replaced  by  the  methoxy,  or 
malonic  ester  radical. 

The  light  color  of  the  substance  is  characteristic  of  the  hemi- 
acetals,  and  we  saw  some  indications  of  the  formation  of  a  so- 
dium salt,  which  would  be  expected  from  such  a  compound,  al- 
though longer  treatment  with  sodic  hydrate  converted  it  into 

1  This  Journal,  17,  597,  600  (1895). 
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the  chloranilate — a  reaction  which  would  be  expected  from  a 
derivative  of  the  hexachlororthoquinopyrocatechin  ether. 

On  the  other  hand, hydrochloric  acid  does  not  decompose  it 
so  easily  as  we  should  expect  from  the  properties  of  the  para- 
hemiacetals,  but  all  our  experience  shows  that  orthohemiacetals 
are  much  more  stable  than  those  belonging  to  the  para  series. 

In  the  hope  of  throwing  light  on  the  stnictureof  thiscompound 
we  tried  the  action  of  acetic  anhydride  on  it,  but  the  results  were 
decidedly  puzzling,  for  under  the  conditions  used  by  us  the  sub- 
stance was  first  converted,  in  part  at  least,  into  the  red  ether, 
CeCl^OjC^CljOo,  and  then  the  further  action  of  the  acetic  anhy- 
dride yielded  a  white  product,^  giving  analytical  results  corre- 
sponding to  Q:yfl\0^{C^rf^)2,  which  should  have  been  the  hex- 
achlororthodiacetoxypyrocatechin  ether,  but  melted  at  215°, 
whereas  the  true  diacetoxy  ether,  CyCl402CBCl2(OC2H30)2  (pre- 
pared from  the  reduced  ether,  C«Cl,02CeCl2(OH)2)  melted  at 
282°.  Beside  this  difference  of  67°  in  the  melting  point  there 
were  differences  in  color,  crystalline  habit,  and  solubility,  the 
most  striking  being  that  the  compound  melting  at  215°  dis- 
solved in  sodic  hydrate,  but  the  one  melting  at  282°didnot.  We 
are  of  theophiion,  therefore,  that  the  two  products  are  different 
compounds  rather  than  one  compound  in  different  degrees  of 
purity.  At  first  we  supposed  that  the  case  was  similar  to  that 
observed  by  Russe  and  one  of  us,^  when  tetrabromorthobenzo- 
quinone  gave  with  benzoyl  chloride  a  dibenzoate  melting  at 
172°-!  74°,  whereas  the  compound  with  the  same  composition 
made  from  tetrabrompyrocatechin  melted  at  197°,  but  this 
proved  to  be  a  mistaken  supposition,  for  on  treating  the  red 
ether,  CgCl^OaCHCljOj,  with  acetic  anhydride  we  obtained  a 
diacetate  melting  at  280 "-282°,  identical  with  that  made  from 
the  dihydroxy  ether.  More  work  will  be  necessary  before  we 
are  able  to  give  any  explanation  of  these  strange  obsers^ations. 

6.  Hexachlororthoquinodimethylhemiacetalpyrocatechin  Ether, 
CbC1,02C„C12(OCH30H)(OCH30H).— The  last  of  the  principal 
products  of  the  methyl  alcohol  reaction  crystallized  in  white 

1  Later  experiments  have  shown  that  this  substance  is  CcCUOoCoCloOC  OCH3OC2H3O). 
-C.  L.  J. 

*  This  Journal,  36,  169  (1906). 
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plates  melting  to  a  pale  fawu-colorcd  liquid  at  218°.  A  deter- 
mination of  the  molecular  weight  of  this  substance  indicated 
that  its  formula  was  (CeCl.OCHjO,).,,  but  the  following 
considerations  have  led  us  to  believe  that  this  deter- 
mination gave  a  false  result/  and  that  its  real  formula  is 
CeClAC«Cl2(OCH30H)(OCH30H),  which  agrees  quite  as  well 
with  the  analyses.  The  substance  is  converted  easily  into  the 
red  ether,  CaCl^OjCeClsOg,  this  change  taking  place  at  a  tem- 
perature somewhat  above  its  melting  point,  or  by  heating  it 
gently  with  strong  sulphuric  acid,  while  hydrochloric  acid 
or  reduction  yields  the  dihydroxy  ether,  CaCl402CoCl2(OH)2, 
formed  by  the  subsequent  reduction  of  the  quino  ether,  which 
must  have  been  the  original  product.  The  amount  of  the  red 
ether  formed  by  sulphuric  acid  agreed  well  with  the  quantities 
calculated  from  2  (C„Cl30CH302)3  to  3  C^Clfi.jC^Clfi^,  or  from 
C6Cl,02C„Cl2(OCH30H)2  to  CeCl^OsCeCljOj,  but,  whereas  in  the 
last  case  the  formation  of  the  red  ether  is  a  most  natural  reaction, 
we  have  not  been  able  to  devise  any  arrangement  of  the  atoms  in 
the  first  formula,  (CBClaOCngOj)^,  which  would  account  for  its 
quantitative  formation,  since  this  reaction  shows  that  the  group 
CgCl^  must  be  present  in  our  substance,  leaving  CI5  to  be  appor- 
tioned between  2  benzene  rings,  and  no  arrangement  of  this 
can  furnish  at  once  the  CgCl^  and  the  C^Cla  needed  to  form  the 
third  molecule  of  the  ether  for  the  quantitative  conversion  with- 
out more  violent  transformations  than  could  be  expected  under 
the  conditions  of  this  reaction. 

The  formation  of  this  substance  (6)  from  the  pre- 
ceding by  the  action  of  methyl  alcohol  and  hydro- 
chloric acid  indicates  that  it  is  the  complete  hemiacetal, 
C6ClAC6Cl2(OCH30H)(OCH30H),  and  this  is  confirmed  by  its 
white  color,  and  the  apparent  formation  of  a  very  unstable  salt 
with  potassic  hydrate,  which  soon  passed  into  potassic 
chloranilate.  The  action  of  acetic  anhydride,  which  should 
have  given  a  diacet  derivative,  seemed  to  give  the  tmaltered  sub- 
stance in  a  somewhat  impure  condition ;  the  resistance  to  this 
action  may  have  been  due  to  steric  conditions.     We  hope  that 

1  The  need  of  this  revision  was  discovered  too  late  to  repeat  the  work. 
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further  work  in  this  laboratory  will  soon  furnish  an  experi- 
mental proof  of  the  correctness  of  the  formula  assigned  to  it. 

The  most  astonishing  observation  made  by  us  in  the  course 
of  this  work  was  the  conversion  of  trichloroxyparaquinone 
into  derivatives  of  tetrachlororthotiuinone.  On  three  occasions 
in  making  the  /9-compound,  C„Cl,OCH30.,IIOCeCl4,  by  the 
action  of  methyl  alcohol  on  tetrachlororthoquinone  its  appear- 
ance was  preceded  by  the  formation  of  orange  crystals,  that 
seemed  to  be  the  oxyparaquinone,  CgCljOHOj,  which,  after 
standing  24  hours  longer,  were  replaced  by  the  white  crystals 
of  the  /?-compound.  As  these  experiments  did  not  necessarily 
prove  that  the  /3-compound  was  formed  from  the  oxypara- 
quinone, we  next  allowed  a  pure  specimen  of  the  trichloroxy- 
paraquinone, CgClgOHOo,  melting  at  198°,  to  stand  with  methyl 
alcohol  and  a  little  hydrochloric  acid.  At  the  end  of  six 
months  a  white  product  had  separated,  which  was  proved 
by  its  melting  point,  218°,  and  a  chlorine  deterniination  to 
be  the  hexachlororthomethylhemiacetalpyrocatechin  ether,* 
C6Cl40ACl2(OCH30H)(OCH30H),  so  that  we  had  here  the  con- 
version of  a  paraquinone  into  a  derivative  of  an  orthoquinone, 
for  the  close  relation  of  this  hemiacetal  to  the  hexachlorortho- 
quinopyrocatechin  ether,  CeCl^OjCgClaO,,  leaves  no  doubt  as  to 
its  being  a  derivative  of  orthoquinone.  Although  we  feel  cer- 
tain of  the  accuracy  of  our  observation  in  this  case,  we  can- 
not consider  this  reaction  established  by  a  single  experiment, 
since  it  is  out  of  harmony  with  all  previous  experience,  requir- 
ing, as  it  does,  not  only  the  conversion  of  a  para  into  an  ortho- 
quinone, but  also  the  replacement  of  a  hydroxyl  attached  to 
the  benzene  ring  by  chlorine  under  the  influence  of  hydro- 
chloric acid  in  the  cold.  Our  account  of  this  work,  therefore, 
must  be  taken  as  a  preliminary  announcement,  until  it  has  been 
submitted  to  the  test  of  further  experiment. 

We  have  also  studied  the  behavior  of  tetrachlororthoquinone 
with  other  substances,  but  lack  of  time  has  prevented  us  from 
investigating  these  products  so  thoroughly  as  those  from  methyl 
alcohol.  The  action  of  other  alcohols  on  tetrabromorthoquinone 

1  This  substance  was  obtained  instead  of  the  jS-compound,  because  we  used  7.5  cc. 
of  methyl  alcohol  instead  of  1.5  cc. 
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was,  in  general,  simple  like  that  of  methyl  alcohol,  compounds 
of  the  a-series  being  obtained  as  the  direct  products,'  but  with 
tetrachlororthoquinone  as  a  rule,  different  and  more  complex 
results  were  obtained. 

Ethyl  alcohol  gave  in  the  cold  with  tetrachlororthoqui- 
none four  compounds:  the  3,5,6  trichlor-2-oxyparaquinone, 
CgClaOHOa,  chloranilic  acid,  CeCUCOPDaOj;  a  product  crystal- 
lizing in  white  plates  melting  without  decomposition  at  115° 
to  which  we  can  assign  no  formula;  and,  as  the  principal  prod- 
uct, a  yellow  compound  crystallizing  in  rhombic  plates  and 
melting  at  210°  to  a  red  liquid. 

Analyses  and  a  molecular  weight  determination  of  this  last 
substance  agree  with  the  formula,  CosClijOioHjo,  and  this  is 
confirmed  by  a  chlorine  determination  and  molecular  weight  of 
its  diacet  derivative.  It  would  seem,  therefore,  to  be  made  up 
up  of  2  molecules  of  the  orthoquinopyrocatechin  ether  combined 
with  2  of  ethyl  alcohol,  (C6Cl,OACl202)2(C.H50H)2.  This 
view  of  its  constitution  is  in  harmony  with  the  fact  that  it  is 
converted  into  this  ether  with  great  ease,  by  heat,  or  nearly 
quantitatively  by  the  action  of  strong  sulphuric  acid,  and  that 
it  was  prepared  from  it  by  the  action  of  ethyl  alcohol.  We  have 
not  data  enough  to  attempt  an  explanation  of  its  structure, 
but  it  certainly  shows  some  analogy  to  the  a-compounds  de- 
rived from  tetrabromorthoquinone.  Two  other  compounds 
melting  at  210°  have  been  encountered  in  the  course  of  our  work, 
but  as  one  is  a  derivative  of  methyl  alcohol,  and  the  other  of 
propyl  alcohol  they  must  be  different  from  this  ethyl  com- 
pound. 

Of  the  other  alcohols  of  the  fat  series,  tried  with  tetrachlor- 
orthoquinone, normal  propyl  alcohol  and  isoamyl  alcohol  gave 
the  3,5,6-trichlor-2-oxyparaquinone,  melting  at  198°,  and 
chloranilic  acid ;  isopropyl  alcohol  only  chloranilic  acid ;  tertiary 
butyl  alcohol,  on  the  other  hand,  formed  a  product,  which  we 
think  is  the  /^-addition  compound,  C6CI4OC4H9O3HOC6CI4, 
octochlororthoquino- 1  -  tertiarybutyloxy- 1 '-  hydrox}^- 1,2,2  -triox- 
ide,  because  it  crystallized  in  the  rhombic  plates  characteristic  of 

I  Jackson  and  Porter  :  This  Journal,  31,  100  (1904).  Jackson  and  Carlton  :  /bid., 
34.  429  (1905)- 
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that  series,  but  we  cannot  feel  certain  of  this,  since  the  other 
/^-compounds  melt  without  decomposition,  while  this  substance 
forms  a  dark  liquid  on  melting,  not,  however,  the  red  ether 
characteristic  of  the  a-bodies.  Further,  it  is  soluble  in  sodic 
hydrate,  whereas  the  other  /^-compounds  are  not. 

When  benzyl  alcohol  acted  on  tetrachlororthoquinone,  there 
was  formed  very  quickly  a  yellow  substance  melting  to  a  red 
liquid  at  215°,  and  the  same  product  was  obtained  by  heating 
tetrachlororthoquinone  with  undried  toluene.*  The  analyses 
showed  it  had  a  composition  approaching  CjClgO^Ha,  although 
it  might  contain  more  hydrogen,  but  at  present  we  are  unable 
to  propose  any  structural  formula  for  this  body  in  spite  of  the 
fact  that  it  shows  many  well-marked  reactions. 

When  tetrachlororthoquinone  was  allowed  to  stand  in  the  cold 
with  undried  toluene  four  products  were  obtained :  i.  Tetra- 
chlororthoquinone with  toluene  of  crystallization,  C8CI4O2C7H8, 
which  lost  the  toluene  completely  in  vacuo.  2.  The  a- 
water  compound,  octochlororthoquino-i-i'-dihydroxy-i -oxide, 
CeCl^OOHOHOOCeCl,,  was  formed,  when  the  first  product 
was  allowed  to  stand  longer  with  the  toluene.  It  was  character- 
ized as  an  a-compound  by  the  facts  that  it  crystallized  in  needles 
and  turned  red  on  melting  at  172°.  3.  A  small  quantity  of  an 
unidentified  brown  compound  melting  at  182"-! 83°  was  ob- 
tained. 4.  By  still  longer  standing  with  the  toluene  a  yellow 
compound  melting  and  turning  red  at  290°  was  formed, 
which  gave  analytical  results  corresponding  to  the  formula 
CjjHCligOs.  It  is,  therefore,  probably  made  up  of  one  molecule 
of  the  hexachlororthoquinopyrocatechin  ether,  CeCl^OjCgCljOa, 
and  one  of  the  heptachlororthoquinopyrocatechin  hemiether, 
CgCljOHOCgClaOj.  This  theor}^  is  in  harmony  with  the  easy  con- 
version of  the  substance  into  the  red  ether,  CeCl402CeCl202,  by 
heat,  nearly  quantitatively  by  boiling  with  water,  or  partially 
even  on  exposure  to  the  air,  since  the  heptachlorhemiether  itself 
must  pass  into  the  red  ether  with  the  greatest  ease.  More 
experimental  work  is  needed  to  determine  how  the  two  ethers 
are  united  in  the  substance  melting  at  290°. 

^Under  the  same  conditions  tetrabromorthoquinone  gave  heptabromorthoquino- 
pyrocatechin  hemiether,  C(>Br40H0CeBr302.     This  Journal,  36,   165   (1905). 
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The  behavior  of  the  tetrachlororthoquinone  with  toluene  is 
like  that  of  the  tetrabrom  compound  so  far  as  the  first  2  products 
are  concerned,  but  no  substances  corresponding  to  j  and  4  were 
observed  in  the  bromine  series.  The  formation  of  the  of-water 
compound,  (CeCl403)2H20,  from  ordinary  toluene  and  the 
orthoquinone  turned  our  attention  again  to  the  strangeness  of 
this  reaction,  for,  as  in  our  previous  work  with  tetrabromortho- 
quinone,  it  was  hard  to  believe  that  the  apparently  dry  toluene 
contained  enough  moisture  for  the  reaction,  especially  since 
some  earlier  experiments  gave  the  water  compound  even  with 
toluene  supposed  to  be  dry.  We  have,  therefore,  repeated  the 
experiment  with  scrupulously  dried  materials,  and  found,  as 
was  to  be  expected,  that  the  only  product  was  the  tetrachloror- 
thoquinone with  toluene  of  crystaUization.  It  follows,  therefore, 
that  the  tetrachlor-  or  bromorthoquinone  has  a  remarkable 
attraction  for  water  removing  it  from  toluene  or  similar  solvents, 
even  when  present  in  minute  amount. 

When  tetrachlororthoquinone  was  allowed  to  stand  for 
a  long  time  in  the  cold  with  glacial  acetic  acid,  the  a-com- 
pound  octochlororthoquino - 1  -acetoxy- 1'- hydroxy- 1  -  oxide, 
CgCl^OOCzHjOOHOOCeCl,,  was  formed,  crystallizing  in  white 
needles  and  melting  to  a  red  liquid  at  250°-252°.  This  is  the 
only  case  observed  in  which  the  behavior  of  the  tetrachlorortho- 
quinone is  simpler  than  that  of  the  brom  compound,  since  the 
latter  with  acetic  acid  forms  at  least  four  different  products,* 
the  structure  of  most  of  which  still  remains  to  be  determined. 

Warming  the  tetrachlororthoquinone  with  water  for  a  few 
minutes  converted  it  into  the  ether,  C6CI4O2C6CI2O2. 

Some  derivatives  of  the  hexachlororthoquinopyrocatechin 
ether,  C6CI4O2.C6CI2O2,  were  also  prepared.  With  methyl  al- 
cohol it  gave  the  hexachlororthoquinomonohemiacetalpyroca- 
techin  ether,  C6Cl402C6Cl20(OHOCH3)(5),  melting  at  198°, 
discussed  earlier  in  this  paper.  If  a  little  water  was  added  to 
the  methyl  alcohol,  in  addition  to  this  product  the  complete 
acetal,  C6Cl402CeCl2(OCH30H)(OCHpH)(6),  melting  at  218°, 
and  chloranilic  acid  were  identified. 

'  Jackson  and  Koch:  This  Journal,  26,  42  (1901).      Jackson  and  Porter:  Ibid., 
81,  115  (1904).    Jackson  and  Russe:  Ibid..  36,  178  (1906). 
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Ethyl  alcohol  with  the  ether,  CeCl^OAdzOz,  gave  chloran- 
ilicacid  and  the  product  melting  at  210°  formed  by  ethyl  alcohol 
and  the  tetrachlororthoquinone.  Normal  propyl  alcohol  also 
gave  a  product  melting  at  210°,  whicli  must,  however,  have 
been  different  from  that  prepared  with  ethyl  alcohol.  Phenylhy- 
drazine  reduced  the  orthoquhio  ether  to  the  hexachlordihydroxy 
ether,  C6Cl402C6Cl2(OH)v.  Shaffer  and  one  of  us^  observed  a 
similar  reduction  of  the  hexabroni  ether  with  phenylhydrazine, 
while  with  methyl  alcohol  it  gave  very  slowly  the  complete 
acetal,  CeBr.OsCeBr^COCHgOH)^,  melting  at  22o°-22i°. 

EXPERIMENTAL. 

Action  of  Methyl  Alcohol  on  Tetrachlororthobenzoquinone. 
— The  tetrachlororthoquinone  used  by  us  was  made  in  the  way 
described  in  an  earlier  paper."  In  our  first  experiment  2  grams 
of  the  quinone  were  dissolved  in  methyl  alcohol,  and  allowed  to 
stand  for  two  weeks  at  ordinary  temperatures  in  a  corked  flask, 
when  a  yellowish  white  substance  was  obtained,  which  con- 
tained an  amount  of  chlorine  corresponding  to  the  formula 
(C6Cl402)2CH30H.  As  it  melted  with  reddening,  it  seemed 
to  be  the  a-body  corresponding  to  the  derivative  of  tetrabrom- 
orthoquinone  described  by  Porter  and  one  of  us,^  but  we  have 
never  succeeded  in  obtaining  this  compound  again,  although  we 
have  tried  numerous  experiments  with  all  the  variations  in 
conditions  that  we  could  devise.  We  do  not  feel  justified,  there- 
fore, in  assuming  its  existence  on  the  strength  of  a  single  anal- 
ysis. 

Our  attempts  to  prepare  the  a-compound,  although  unsuc- 
cessful, made  us  acquainted  with  the  effect  of  different  con- 
ditions on  the  products  of  the  reaction.  Thus  we  found,  when 
working  in  the  cold,  if  the  amount  of  methyl  alcohol  was  from 
1-5  cc.  for  each  gram  of  quinone,  the  first  product  was  usually 
the  /^-compound,  (C„C1/)2)2CH30H,  melting  at  157°,  accom- 
panied by  a  little  of  a  white  substance  melting  at  218°, 
the   hexachlororthomethylhemiacetalpyrocatechin  ether,  while 

1  This  Journal,  34,  460  (1905). 

2  Ibid.,  37,  11  (1907). 
« Ibid.,  si.'gyfdgcH). 
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from  the  mother  liquors  were  obtained  trichlororthoxypara- 
quinone,  melting  at  198°  and  chloranilic  acid. 

If  8  to  12  CO.  of  alcohol  were  used  to  i  gram  quinone,  after 
6-8  days  the  product  was  almost  entirely  trichlormethoxyortho- 
quinonemonohemiacetal,  melting  at  i38°-i40°,  but,  if  the  mix- 
ture was  allowed  to  stand  for  two  weeks  longer,  this  hemiacetal 
was  replaced  by  the  hexachlororthomonomethylhemiacetal- 
pyrocatechin  ether,  melting  at  ig8°  and  a  little  of  the  corre- 
sponding complete  hemiacetal  melting  at  218°. 

The  effect  of  changes  of  temperature  on  the  reaction  was  also 
studied.  A  solution  of  1  gram  of  quinone  in  2  cc.  of  methyl  al- 
cohol was  heated  on  the  steam  bath  for  half  an  hour,  and  then 
allowed  to  stand  at  ordinary  temperatures  for  4-5  days.  The 
only  difference  here  was  that  the  compound  melting  at  218° 
did  not  appear,  but  the  one  melting  at  i38°-i40°  was  formed, 
the  other  products  being,  as  in  the  cold,  the  /^-compound  and 
the  trichloroxyparaquinone.  On  the  other  hand,  a  solution  of 
I  gram  of  quinone  in  8  cc.  of  methyl  alcohol  was  allowed  to  stand 
at  the  temperature  of  melting  ice ;  in  this  case  the  only  product 
was  the  compound  melting  at  138°- 140°,  which  was  formed  in 
30  days  instead  of  in  6-8  as  at  ordinary  temperatures.  As  these 
experiments  gave  no  new  compounds  we  did  not  think  it  worth 
while  to  study  variations  of  temperature  more  carefully. 

Octochlororihoquino- 1  -mcthoxy-i'  -hydroxy- 1 ,2 ,3  -tr  ioxide , 
^-Methyl  Addition  Compound,  CoCljOCHgOgHOCeCI,.— This 
substance  was  formed  by  the  action  of  methyl  alcohol 
on  tetrachlororthobenzoquinone  in  the  cold,  when  for  each  gram 
of  the  quinone  i  or  2  cc.  of  the  alcohol  were  used.  After  the 
mixture  had  stood  6-7  days  in  a  corked  flask,  a  deposit  of  white 
rhombic  crystals  was  obtained,  which  were  washed  with  cold 
methyl  alcohol,  and  recrystalhzed  from  benzene,  until  they 
showed  the  constant  melting  point  157°,  when  the  substance 
was  dried  at  100°  for  analysis.  Hydrochloric  acid  was  always 
present  in  the  filtrate  from  the  crude  /5-compound,  but  this 
undoubtedly  owed  its  formation  to  secondary  reactions,  to  be 
considered  later. 

I.  0.1770  gram  substance  gave  03840  gram  AgCl. 
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II.  01853  gram  substance  gave  04044  gram  AgCl. 
III.  0.2502  gram  substance  gave  05472  gram  AgCl. 


Calculated  for 

(C6Cl40o)2CH30H. 

I. 

Found. 
II. 

III. 

54- 1 9 

53-63 

53-95 

54-07 
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Properties  of  Octochlororthoquino-i-methoxy-i '-hydroxy- 1,2,2- 
trioxide. — It  crystallizes  from  benzene  in  white,  rhombic  plates, 
which  melt  at  157°  without  any  apparent  decomposition.  It 
is  easily  soluble  in  benzene;  slightly  soluble  in  ether,  chloroform, 
ethyl  acetate,  ligroin,  or  toluene,  very  slightly  soluble  in  methyl 
alcohol.  The  three  strong  mineral  acids  have  no  effect  on  it  and 
the  same  is  true  of  potassic  hydrate  in  aqueous  solution,  but  fusion 
with  potassic  hydrate  decomposes  it  completely.  By  reducing 
the  strength  of  the  alkali  a  brown  substance  was  formed,  which 
may  be  worth  further  investigation.  With  fuming  nitric  acid 
it  formed  oxalic  acid  and  a  small  amount  of  a  yellow  oil,  which 
gave  up  chloranilic  acid  to  sodic  hydrate,  and  then  became  color- 
less. Hydrochloric  acid  converted  this  oil  when  the  two  were 
heated  together,  into  two  products,  white  rhombic  plates,  melt- 
ing at  104°,  and  long  white  needles,  melting  at  185  °.  In  another 
experiment  in  which  the  nitric  acid  contained  some  argentic 
nitrate  trichloroxyparaquinone  was  formed.  It  is  possible 
that  the  study  of  some  of  these  substances  made  by  fuming  nitric 
acid  would  throw  light  on  the  structure  of  the  /?-compounds,  but 
the  yields  are  so  small  that  the  work  would  be  very  laborious. 

That  this  substance  belongs  to  the  ^-series  is  shown  by  its  crys- 
tallizing in  white  rhombic  plates,  which  melt  without  reddening 
and  by  its  marked  stability.  The  constitution  of  these  /?-com- 
pounds  has  been  discussed  in  an  earlier  paper.* 

3,5,6 -Trichlor-4-met  hoxyorthohenzoquinonemonohemiaccial, 
C6CI3OCH3OOCH3OH.— When  one  gram  of  tetrachlororthobenzo- 
quinone  was  dissolved  in  8-1 2  cc.  of  methyl  alcohol,  and  allowed  to 
stand  at  ordinary  temperatures  for  6-8  days,  the  product  was  prin- 
cipally this  monohemiacetal  which  crystallized  in  white,  rhombic 
plates  when  the  solution  was  allowed  to  evaporate  spontaneously. 
It  was  also  obtained  from  the  mother  liquors  of  the  /3-compound 
formed  by  the  action  of  one  gram  of  quinone  with  5  cc.  of  the 

>  This  Journai.,  37,  87  (1907). 
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alcohol,  and  by  heating  such  a  solution  on  the  steam  bath  for 
an  hour  and  then  allowing  it  to  stand  in  the  cold  for  4-5  days, 
but  both  these  methods  gave  smaller  yields  and  -much  more 
impure  products  than  the  first. 

It  was  purified  by  washing  with  a  mixture  of  5  parts  of  ligroin 
to  I  of  benzene,  and  crystallization  from  a  mixture  of  equal 
parts  of  these  two  solutions  or  from  benzene  alone,  three  or  four 
crystallizations  being  usually  sufiicient.  It  was  dried  in  vacuo 
for  analysis. 

I.  02395  gram  substance  gave  0.3161  gram  CO2  and  00776 
gram  HjO. 

II.  0.1981  gram  substance  gave  03079  gram  AgCl. 

III.  0.2087  gram  substance  gave  03272  gram  AgCl. 

IV.  02297  gram  substance  gave  03646  gram  AgCl. 
V.  0.2215  gram  substance  gave  0.3553  gram  AgCl. 

Calculated  for  Found. 

C6CI3OCH3OOCH3OH.  I.  II.  III.  IV.  v. 

C  35    10  35.99      

H  2.56  3.60      

CI  38.94  ....    38.43  38.77  39.23  39.66 

Molecular  weight  determinations  by  the  boiling  point  method 
gave  the  following  results: 

I.  0.2965  gram  substance  dissolved  in  32.25  grams  ben- 
zene, gave  J  o°.o87. 

II.  04117  gram  substance,  dissolved  in  31.95  grams  ben- 
zene, gave  J  o°.i23.^ 

Calculated  for  Found. 

C6CI3OCH3OOCH3OH.  I.  II. 

Mol.  wt.  273.5  275.7         273.3 

Properties    of   the   3,5,6-Trichlor-4-methoxyorthoquinonemono- 

methylhemiacetal. It    crystallizes    from    benzene    in    thick 

rhombic  plates  of  a  creamy  white  color.  It  melts  at  i38°-i40° 
to  a  colorless  liquid,  which  quickly  changes  to  a  faint  brown, 
aiid  becomes  red  after  standing  in  the  hot  bath  for  5  or  more 
minutes.  It  is  easily  soluble  in  ethyl  or  methyl  alcohol,  ether, 
ethyl  acetate,  acetone,  chloroform,  benzene,  toluene,  or  glacial 
acetic  acid;  slightly  soluble  in  ligroin,  or  in  hot  water,  which 

1  The  constant  used  was  26.1;  Beilstein's  Handb.  Supp.,  p.  2. 
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gives  a  characteristic  purple  solution.  Strong  hydrochloric 
acid  when  heated  converts  it  into  the  oxyparaquinone,  CcClgOHO, , 
and  the  same  change  is  brought  about  by  warming  it  with  phos- 
phoric oxychloride.  Strong  nitric  acid  or  strong  sulphuric  acid 
dissolves  it,  forming  a  brilliant  red  liquid;  sodic  hydrate,  in  the 
cold,  gives  an  orange  color,  while  on  heating  sodic  chloranilate 
is  formed.  Methyl  alcohol,  at  ordinary  temperatures,  had  no 
action  on  it,  even  after  the  solution  had  stood  for  several  weeks, 
but  a  specimen  of  it  which  had  been  in  contact  with  water  for 
five  months  was  decomposed. 

On  one  occasion,  when  a  methyl  alcohol  solution  of  the  hem- 
iacetal  was  treated  with  a  few  drops  of  dilute  hydrochloric  acid, 
and  shaken  for  about  ten  seconds,  fine  yellow  needles  separated, 
which,  after  crystallization  from  benzene,  melted  with  decom- 
position at  210°.  A  single  analysis  of  an  insufficient  amount  of 
this  substance  dried  in  vacuo  indicated  that  it  was  dimethoxy- 
dichlororthoquinone. 

00479  gram  substance  gave  o  0573  gram  AgCl. 


CI 


But  it  is  obvious  that  its  existence  cannot  be  considered  estab- 
lished, until  it  is  supported  by  more  analyses  with  larger  amounts 
of  substance.  Unfortunately  all  our  attempts  to  make  it  again 
proved  fruitless,  so  we  must  content  ourselves  with  this  prelim- 
inary account  of  it.  It  was  soluble  in  all  the  conmion  organic 
solvents,  in  acids,  and  in  alkalies  giving  yellow  solutions. 

3 ,5 ,6-  Trichlor  -  4  -  methoxyorthoquinone  -  monoacetmethylacetal, 
C6Cl3(OCH3)0(OCH30C2H30).— Two  grams  of  the  hemiacetal 
melting  at  138°-! 40°  were  heated  with  20  cc.  of  acetic  anhy- 
dride, under  a  return  condenser,  on  the  water  bath,  for  half  an 
hour.  On  cooling,  the  product  crystallized  out  and  was  purified 
by  three  crystallizations  from  a  mixture  of  benzene  and  Ugroin, 
when  it  showed  the  constant  melting  point  149°-! 50°.  It  was 
dried  at  100°  for  analysis. 

o.  1857  gram  substance  gave  0.2549  gram  AgCl, 


Calculated  for 

C6Cl2(OCH3)o02. 

Found. 

29-95 

29-58 
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Calculated  for 
C6Cl3(OCH3)0(OCH30C2H30).  Found. 

CI  33  76  33.93 

Properties. — It  crystallizes  from  the  mixture  of  equal  parts 
of  benzene  and  ligroin  in  semitransparent  white  prisms ;  from 
methyl  alcohol  in  rectangular  prisms,  which  melt  at  149°-! 50° 
to  a  colorless  liquid.  It  is  very  soluble  in  acetone,  ethyl  acetate, 
benzene,  or  toluene;  soluble  in  hot  ether;  slightly  soluble  in  hot 
ethyl  alcohol ;  more  soluble  in  hot  methyl  alcohol ;  insoluble  in 
water.  Strong  hydrochloric  acid,  or  strong  nitric  acid  shows 
no  apparent  action  with  it;  strong  sulphuric  acid  gives  a  red 
solution  with  it;  sodic  hydrate  forms  an  orange  solution  when 
hot,  which  deposits  orange  tapering  needles  on  cooling. 

3,5,6-Trichlor  -4-niethox'yorthoquinonc-nionoacetmcthylacetalhy- 
drazone,  CoCl30CH3(OCH30C3H30)N,HCeH5.— One  gram  of  the 
methylacetacetal  melting  at  i49°-i50°  was  mixed  with  10-12 
cc.  of  phenylhydrazine,  and  after  warming  the  mixture  for  a 
few  minutes  on  the  steam  bath  it  was  allowed  to  stand  over 
night.  The  product  was  washed  with  toluene  to  free  it  from  a 
dark  reddish  brown  liquid,  and  attempts  were  made  to  purify 
the  grayish  needles  thus  obtained  by  crystallization,  but  it  was 
found  that  all  the  common  solvents  decomposed  the  substance 
if  heated  with  it,  except  a  mixture  of  benzene  with  a  large  ex- 
cess of  ligroin,  and  this  barely  dissolved  it.  Accordingly  it  was 
prepared  for  analysis  by  washing  thoroughly  with  toluene,  ben- 
zene mixed  with  ligroin,  alcohol,  and  ether,  after  which  it  was 
dried  in  vacuo. 

o.  1492  gram  substance  gave  01572  gram  AgCl. 

Calculated  for 
C6Cl3(OCH3)20C2H30NoHCf,H5.  Found. 

CI  26.26  26.05 

Properties. — The  hydrazone  forms  silvery  gray  needles  which 
melt  at  235°  sharply  to  a  faint  brown  liquid.  It  dissolves  in 
alchool,or  benzene  to  a  red  liquid  which  deposits  a  red  substance  ; 
it  is  very  slightly  soluble  in  all  the  other  common  solvents, 
when  cold,  and  is  decomposed,  when  heated  with  them.  Acids 
and  alkalies  dissolve  it  with  decomposition. 

3 ,5 ,6-Tr'ichlor-2-oxyparabenzoquinone,  CeClgOHOj. — This  sub- 
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stance  is  most  conveniently  obtained  from  the  orthohemi- 
acetal,  CeClaOCHaOCOCHgOH),  melting  at  138°-! 40°,  by  the 
action  of  hydrochloric  acid.  The  reaction  takes  place  in  open 
vessels  even  in  the  cold,  but  it  is  more  conveniently  carried 
on  at  a  gentle  heat.  The  product  was  nearly  pure,  two  crystal- 
lizations from  a  mixture  of  one  part  of  benzene  with  one  of 
chloroform  raising  the  melting  point  to  198°,  where  it  remained 
constant. 

It  was  also  formed  by  the  action  of  2  cc.  of  methyl  alcohol  on 
I  gram  of  tetrachlororthoquinone.  In  three  experiments  this 
substance  was  apparently  deposited  before  the  /^-compound,  and 
in  all  our  preparations  of  the  /^-compound  it  seemed  also  to  be 
produced,  and  was  isolated  from  the  mother  liquors  as  follows : 
The  thick  dark  red  syrup  obtained  by  driving  off  the  solvent 
was  treated  with  a  small  quantity,  of  chloroform,  and  vigor- 
ously stirred,  scratching  the  sides  of  the  vessel  with  the  rod  which 
led  to  the  separation  of  orange  plates.  The  mass  of  syrup  and 
crystals  was  then  freed  from  part  of  the  impurity  by  extraction 
with  a  mixture  of  equal  parts  of  benzene  and  chloroform,  and 
the  very  impure  product  purified  by  crystallization  from  a 
similar  mixture.  It  was  hard  to  remove  the  last  traces  of  im- 
purity, but  after  36  crystallizations,  the  compound  melted 
constant  at  198°.  The  substance  in  whatever  way  prepared 
was  dried  in  vacuo  for  analysis. 

I.  0.1793  gram  substance  gave  0.2082  gram  COj  and  0.0266 
gram  HjO. 

II.  0.2063  gram  substance  gave  0.2375  gram  CO2  and  0.0366 
gram  HjO. 

III.  0.149 1  gram  substance  gave  0.2845  gram  AgCl. 

IV.  0.1607  gram  substance  gave  0.3062  gram  AgCl. 


Calculated  for 
CeClaOHOj. 

:  I. 

Found. 
II.                III.           IV. 

c 

H 
CI 

31    65 

0.44 

46.82 

31.66 
1-65 

31-39          

1-97        

....        47.18    47.1 

Properties  of  3,3,6-trichlor-2-oxyparaquinone. — It  crystal- 
lizes from  equal  parts  of  benzene  and  chloroform  in  hexag- 
onal orange  plates  with  a  brilliant  lustre,  which  seem  to  undergo 
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a  slight  decomposition  ou  exposure  to  the  air,  as  the  crystals 
turn  purplish  black  probably  from  the  action  of  the  ammonia 
in  the  air  of  the  laboratory.  It  melts,  if  heated  in  the  bath, 
at  198°  to  a  pale  brown  liquid ;  but,  if  instead  the  bath  was  heated 
to  202°-203°  and  the  tube  containing  the  substance  then  in- 
troduced, the  crystals  did  not  melt  for  30  seconds.  Zincke  and 
Schaum^  give  its  melting  point  as  194°.  It  dissolves  in  ethyl  al- 
cohol, methyl  alcohol,  or  water  with  a  purple  color ;  the  aqueous 
solution  shows  no  signs  of  decomposition  in  the  cold,  but,  if 
evaporated  to  dryness  on  the  steam  bath,  a  dark  carbonaceous 
residue  is  left.  It  is  easily  soluble  in  ether,  ethyl  acetate,  chloro- 
form, acetone,  benzene,  or  toluene;  less  soluble  in  ligroin. 
Hot  hydrochloric  acid  dissolves  it,  and  deposits  it  unaltered  on 
cooling ;  strong  nitric  acid  or  sulphuric  acid  dissolves  it  with  de- 
composition ;  fuming  nitric  acid  forms  oxalic  acid ;  sodic  hy- 
drate in  the  cold  forms  an  orange  solution  with  it,  which  on 
heating  turns  purple,  and  deposits  reddish  purple  needles  of 
sodic  chloranilate ;  ammonic  hydrate  gives  a  dark  purple  solution 
which  deposits  black  needles  not  decomposed  below  300°.  From 
the  color  of  this  anmioniacal  solution  it  would  be  inferred  that 
it  contained  ammonic  chloranilate,  but  with  certain  reagents 
it  gave  different  results  from  those  with  the  chloranilate  while 
with  others  the  precipitates  were  of  the  same  color.  The  most 
marked  differences  were,  with  nickel,  purple  instead  of  grass- 
green;  with  manganese  no  precipitate  instead  of  a  dark  brown 
one;  with  zinc  no  action  instead  of  a  pinkish  white  flocculent 
precipitate ;  with  bismuth  dark  green  instead  of  dark  blue.  These 
differences  justify  to  a  certain  extent  the  assumption  that  the 
liquid  contains  at  least  some  of  the  ammonium  salt  of  the  oxy- 
paraquinone. 

3,5,6  -Trichlor-2-acetoxyparaquinone,  CgClgOCaH^OOj.  —  One 
gram  of  the  3,5,6-trichlor-2-oxyparaquinone  was  heated  on 
the  steam  bath  for  half  an  hour  under  a  return  condenser 
with  10  cc.  of  acetic  anhydride,  when  on  cooling  brass  col- 
ored crystals  were  deposited,  which  were  crystallized  three  times 
from  equal  parts  of  benzene  and  chloroform,  after  which  they 
showed  the  constant  melting  point  127°,  and  were  dried  at  100° 
for  analysis. 

1  Ber.  d.  chem.  Ges.,  27,  556  (1894). 


Calculated  for 
CCCI3OC2H3OO2. 

Found. 

39  •  52 

39  •  72 
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01408  gram  substance  gave  02262  gram  AgCl. 

CI 

Properties. — It  crystallizes  from  a  mixture  of  benzene  and 
chloroform  in  diamond-shaped  yellow  plates  with  a  brassy 
lustre,  which  melt  at  127°.  It  is  very  soluble  in  ether,  acetone, 
chloroform,  or  toluene;  much  less  soluble  in  alcohol,  or  ben- 
zene ;  slightly  soluble  in  ligroin  or  water.  The  aqueous  solution 
has  the  characteristic  purple  color  of  all  the  members  of  this 
class  of  compounds.  Hydrochloric  acid  dissolves  it  when  hot 
with  an  orange  color ;  nitric  acid  also  gives  an  orange  solution ; 
sulphuric  acid  a  red  one ;  sodic  or  ammonic  hydrate  dissolves  it 
with  a  purple  color. 

3,5,6-Trichlor-2-acetoxy-i-4-dioxyhenzene,  CgC  1300,1130(011)2. 
— Two  grams  of  the  acetyl  compound  just  described,  melting 
at  127°,  mixed  with  20  cc.  of  water  were  treated  with  gaseous 
sulphurous  dioxide  for  an  hour,  when  white  needles  were 
formed  which,  after  three  crystallizations  from  equal  parts  of 
benzene  and  ligroin,  showed  the  constant  melting  point  155°, 
when  the  substance  was  dried  in  vacuo  for  analysis. 

o.  1507  gram  substance  gave  0.2423  gram  AgCl. 

Calculated  for 
C6C1.30C2H30(OH)j.  Found. 

CI  39.23  39.75 

Properties. — It  crystallizes  from  benzene  and  ligroin  in  white 
needles  arranged  in  circular  radiating  groups,  and  melts  at  155°. 
It  is  easily  soluble  in  alcohol,  ether,  chloroform,  ethyl  acetate, 
or  acetone;  moderately  soluble  in  benzene,  or  toluene;  slightly 
soluble  in  ligroin ;  dissolves  in  hot  water  with  a  pale  purple  color. 
Strong  hydrochloric  acid  does  not  affect  it;  nitric  acid  or  sul- 
phuric acid  dissolves  it  with  decomposition;  sodic  hydrate 
gives  a  dark  green  solution;  ammonic  hydrate  a  greenish  brown. 
It  did  not  give  the  pyrocatechin  reactions  with  ferric  chloride, 
plumbic  acetate,  or  picric  acid. 

.  Reduction  of  Trichloroxyparaquinone. — Two  grams  of  the  oxy- 
paraquinone  melting  at  198°,  mixed  with  a  little  water,  were 
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treated  with  gaseous  sulphurous  dioxide,  which  decolorized  it  in 
two  minutes  forming  grayish  white  crystals.     These,  after   re- 
crystallization  from  equal  parts  of    benzene  and  chloroform, 
melted  at  162°,  and  were  dried  at  100°  for  analysis, 
o.  1972  gram  substance  gave  0.3730  gram  AgCl. 


Calculated  for 

C6Cl3(OH)3. 

Found. 

46.41 

46.77 

CI 

This  substance  should  be  the  3,5,6-trichloroxyhydroquinone 
but,  as  Zincke  and  Schaum  found  it  melted  at  160°,  we  thought 
it  necessary  to  make  the  acet  compound  of  our  product  in  order 
to  establish  its  identity.  For  this  purpose  i  gram  of  it  was  al- 
lowed to  stand  with  10  cc.  of  acetic  anhydride  over  night.  The 
white  product  thus  obtained  crystallized  from  equal  parts  of 
benzene  and  ligroin  in  radiating  groups  of  white  needles  with 
tapering  ends,  which  melted  at  171°,  the  melting  point  found 
by  Zincke  and  Schaum^  for  3,5,6-trichloroxyhydroquinone 
triacetate.     For  greater  certainty  it  was  analyzed. 

0.  1516  gram  substance  gave  0.1860  gram  AgCl.  '  ' 

Calculated  for 
CoClaCOCaHsOs.  Found. 

CI  29  96  30 . 33 

Chloranilic  Acid,  C6Cl2(OH)202. — This  substance  was  one  of 
the  products  when  i  gram  of  tetrachlororthoquinone  stood  in  the 
cold  for  three  months  with  i  cc.  of  methyl  alcohol.  It  was  ex- 
tracted from  the  residue  left  on  evaporating  the  mother  liquors 
from  the  /?-compound  by  treating  it  with  a  mixture  of  equal 
parts  of  benzene  and  chloroform,  in  which  it  is  insoluble,  and 
was  purified  by  crystallization  from  methyl  alcohol  and  petro- 
leum ether,  when  it  separated  in  long,  red,  tapering  needles  at 
the  point  of  contact  of  the  liquids.  After  five  crystallizations 
it  was  dried  at  100°  for  analysis. 

The  same  compound  was  more  easily  obtained  by  the  action 
of  potassic  hydrate  on  the  oxyparaquinone,  melting  at  198°. 

1.  02086  gram  substance  gave  02638  gram  CO2  and  00275 
gram  H2O. 

1  Ber.  d.  chem.  Gcs.,  27,  559  (1894). 
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II.  01560  gram  substance  gave  02 162  gram  AgCl. 
III.  0.1594  gram  substance  gave  02200  gram  AgCl. 

Calculated  for  Found. 

CoCl2(OH)o02.  I.  II.  III. 

C  34-43  34-49  

H  0.95  1.47 

CI  33-97  ••••  34-27       34-12 

These  analyses  showed  that  the  substance  had  the  composition 
of  chloraniHc  acid,  and  it  was  proved  to  be  this  substance  in- 
stead of  an  isomer  of  it  by  a  careful  comparison  of  our  product 
with  chloranilic  acid  made  from  chloranil,  which  established  the 
complete  identity  of  the  compounds.  The  details  of  this  com- 
parison have  been  given  in  an  earlier  paper;*  it  is  enough  here, 
therefore,  to  say  that  it  included  the  analyses  of  the  fol- 
lowing, substances:  CeCl2(OH)202.2H20,  CoCl2(OK),,02-H20, 
CBCl2(-ONa)202.3H20,  CBCl202Ba02.3H20 ;  the  ammonium  salt  of 
each  acid  gave  the  same  characteristic  precipitates  with  various 
reagents,'  and  the  dimethylether  of  our  acid  from  tetrachlor- 
orthoquinone  melted  at  I4i°-i42°,  the  melting  point  given  by 
Kehrmann^  for  the  dimethylether  of  chloranilic  acid. 

Hexachlororthoquinomeihylmonohemiacetalpyrocatechin  E t  h  er, 
C6Cl402-CuCl20(OCH30H).— (i)  This  compound  was  obtained 
by  the  action  of  8  cc.  of  methyl  alcohol  on  i  gram  of  tetra- 
chlororthoquinone.  After  the  mixture  had  stood  at  ordinary 
temperatures  for  6-8  days,  the  trichlormethoxyorthoquinone- 
monohemiacetal,  melting  at  i38°-i40°,  was  formed,  but,  if  the 
mixture  was  allowed  to  stand  6-8  days  longer,  the  new  product 
was  deposited  crystallizing  in  pyramids.  This  was  washed 
with  cold  methyl  alcohol,  and  then  recrystallized  three  times 
from  a  mixture  of  equal  parts  of  benzene  and  ligroin,  when  it 
showed  the  constant  melting  point  198°.     Analysis  II. 

(2)  Equal  weights  of  the  monohemiacetal,  melting  at  138  °- 
140°  and  tetrachlororthoquinone  were  dissolved  in  methyl  alcohol 
and  allowed  to  stand  in  a  corked  flask  at  ordinary  temperatures. 
After  4-5  days  the  hexachlor  compound  melting  at  198°  was 
formed.     Analysis  III. 

»  This  Journal,  37,  98  (1907). 

2  J.  prakt.  Chem.  [2],  40,  370  (1889). 
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(3)  Two  grams  of  hexachlororthoquinopyrocatechin  ether, 
C^ClJJ^'^ffll^O^,  were  allowed  to  stand  with  15  cc,  of  methyl  al- 
cohol at  ordmary  temperatures.  In  24  hours  the  brilliant  red 
color  of  the  ether  began  to  fade,  and  at  the  end  of  a  week  the 
solid  had  turned  yellow.  After  three  crystallizations  from  equal 
parts  of  benzene  and  ligroin  it  melted  constant  at  198°.  Analy- 
sis IV. 

I.  0.2148  gram  substance  gave  0.2727  gram  CO2  and  0.1008 
gram  HjO. 

II.  0.1483  gram  substance  gave  02836  gram  AgCl. 

III.  0.1570  gram  substance  gave  o  2984  gram  AgCl. 

IV.  0.1373  gram  substance  gave  02587  gram  AgCl. 


Calculated  for 
C6Cl40a.C6Cl.jO(OCH30H). 

I. 

Found. 
II.             III.             IV. 

C               34  43 
H                0.88 

34.62 

5-21 

CI              4702 

47.28    46.92    46    51 

A  second  combustion  gave  results  which  did  not  agree  with  this 
and  unfortunately  it  was  made  so  late  that  there  was  no  time 
to  prepare  a  fresh  sample  of  the  substance. 

A  molecular  weight  determination  by  the  boiling  point 
method  gave  the  following  result: 

03214  gram  substance,  dissolved  in  2633  grams  CgHg, 
gave  J  =  o°.o73. 

Calculated  for 
C6Cl40.,C6CloO(OCH30H).  Found. 

Mol.  wt.  453  436.3 

The  trichloroxyparaquinone,  CgCl30H02,  described  earlier, 
melts  at  the  same  temperature,  198°,  and  contains  nearly 
the  same  amount  of  chlorine  as  this  substance,  but  that  they 
are  not  identical  is  shown  by  this  molecular  weight  determina- 
tion, the  percentage  of  carbon,  and  a  comparison  of  the  proper- 
ties of  the  two  substances,  which  is  given  in  the  introduction. 

Properties  of  Hexachlorurthoquinom  ethylmonohemiacetalpyroca- 
techin  ether. — It  crystallizes  from  alcohol  in  long  tapering  del- 
icate yellow  needles,  which  are  arranged  in  rosettes,  when  the 
solvent  used  is  benzene  and  ligroin.     It  melts  at  198°  to  a  red 
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liquid.  It  is  soluble  in  alcohol  or  methyl  alcohol ;  easily  soluble 
in  ether,  acetone,  ethyl  acetate,  benzene,  or  toluene.  Strong 
hydrochloric  acid  has  no  effect  on  it;  strong  nitric  acid  gives 
a  cream-colored  product;  fuming  nitric  acid  the  red  ether, 
CaCl402CeCl202,  as  does  also  strong  sulphuric  acid ;  sodic  hydrate 
gives  a  yellow  solution,  soon  passing  into  sodic  chloranilate ; 
ammonic  hydrate  gives  a  purple  solution. 

Action  of  Sulphuric  Acid  on  the  Hexachlororthoquinomethyl- 
monohemiacetalpyrocatechin  Ether.  —  One  gram  of  the  com- 
pound when  mixed  with  strong  sulphuric  acid  gave  but  a 
slight  reaction  in  the  cold,  but  upon  heating  the  red  ether  was 
formed  in  a  few  minutes.  This  was  recognized  by  its  color,  melt- 
ing point  298°-300°,  and  the  following  analysis: 

01 765  gram  substance  gave  03623  gram  AgCl. 

Calculated  for 

C12CI6O4.  Found. 

CI  50.59  50.75 

A  quantitative  determination  of  the  amount  of  ether  formed 
gave  the  following  result : 

0.3642  gram  of  the  yellow  compound  gave  03344  gram 
C12CI6O4 instead  of  0.3385  calculated  for  CeClACeCipCOCHgOH). 

Action  of  Methyl  Alcohol  and  Hydrochloric  Acid  on  the 
Monohemiacetalpyrocatechin  Ether,  CeCl^OjCeCLOCOCHgOH)  .— 
One  gram  of  the  substance  mixed  with  15-20  cc,  of  methyl 
alcohol  and  a  few  drops  of  hydrochloric  acid  stood  for  three 
months  at  ordinary  temperatures  and  was  converted  completely 
into  the  hexachlororthoquinoheniiacetalpyrocatechin  ether, 
C6Cl,02C6Cl2(OCH30H)2.  described  later,  which  was  recognized 
by  its  melting  point,  218°,  and  the  following  analysis: 

01 864  gram  substance  gave  03333  gram  AgCl. 

Calculated  for 
C14CI0O0HS.  Found. 

CI  43.92  44   21 

In  another  experiment,  which  differed  from  the  preceding 
only  in  the  fact  that  the  mixture  was  boiled  for  an  hour  before 
being  set  aside  to  stand  for  four  months,  the  result  was  differ- 
ent, chloranilic  acid  being  formed  and  a  substance  melting  at 
190°,  which  was  probably  tetrachlorpyrocatechin. 
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Action  of  Acetic  Anhydride  on  the  Monohemiacetalpyrocatechin 
Ether,  QClpoC^ClOfOCHaOH).— One  gram  of  the  substance 
was  heated  with  15  cc.  of  acetic  anhydride  on  the  steam  bath 
under  a  return  condenser.  After  about  20  minutes  a  quantity 
of  the  red  ether,  QClAQClp,.  separated,  but  if  the  heating 
was  continued  for  2  hours  the  only  product  was  a  yellow  sub- 
stance, which,  after  four  crystallizations  from  equal  parts  of 
benzene  and  ligroin,  melted  constant  at  215°,  when  it  was  dried 
at  100°  for  analysis.* 

o  1697  gram  substance  gave  o.  2949  gram  AgCl. 

Calculated  for 
Ci2Cl„04(CoH30)o.  Found. 

CI  42.01  42.95 

Properties. — It  crystallizes  from  benzene  and  ligroin  in  masses 
resembling  a  cauliflower,  which  are  deep  yellow  at  the  centre 
shading  into  a  silvery  white  on  the  edges.  It  melts  at  215°  to 
a  light  brown  liquid,  and  is  soluble  in  alcohol,  methyl  alcohol, 
ether,  acetone,  ethyl  acetate,  or  benzene;  much  less  soluble  in 
ligroin.  Strong  hydrochloric  acid,  when  heated  to  140°  with  it 
in  a  sealed  tube  for  five  hours,  converted  it  into  an  orange-brown 
product  melting  in  the  crude  state  at  180°,  and  the  orange  acid 
solution  deposits  orange  needles,  which  dissolve  in  water  with 
a  purple  color.  Strong  nitric  acid  has  no  apparent  effect  on  it, 
hot ;  strong  sulphuric  acid  gives  the  red  hexachlor  ether ;  alkalies 
dissolve  it  slightly. 

Hexachlordiacetoxypyrocatechin  Ether,  CS^\S)^Cf:\p.,{Q^np),^. 
— This  substance  was  made  for  comparison  with  that  just  de- 
scribed. The  red  hexachlor  ether,  CgCl^OXeCUO,,  was  reduced 
with  granulated  zinc  and  acetic  acid,  and  the  dihj^droxy  ether 
thus  obtained  cr^^stallized  from  alcohol,  until  it  showed  the 
melting  point  290°,  when  for  further  securit)'  it  was  dried  at 
100°,  and  analyzed. 

0.1170  gram  substance  gave  0.2369  gram  AgCl. 

Calculated  for 
C1.2CI9O4H0.  Found. 

CI  50.36  50.06 

1  Later  experiments  have  shown  that  this  substance  is  CeCUCjCeCljOCOCHsOCa 
H3O), 
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One  gram  of  this  reduced  ether  was  heated  with  12-15  cc.  of 
acetic  anhydride  on  the  steam  bath,  under  a  return  condenser 
for  half  an  hour.  On  cooUng,  the  product  crystalHzed  in  pure 
white  plates,  which,  after  three  crystallizations  from  equal  parts 
of  benzene  and  ligroin,  showed  the  constant  melting  point  282°, 
when  it  was  dried  at  100°  for  analysis. 

01537  gram  substance  gave  0.2625  gram  AgCl. 

Calculated  for 
CioCl604(C»H30)2.  Found. 

CI  42.01  42.22 

Properties  of  Hexachlordiacetoxypyrocatechin  Ether. — It  crys- 
tallizes in  spherical  masses  of  glistening  white  leaflets,  which 
melt  at  282°,  forming  a  colorless  liquid.  It  is  easily  soluble  in 
chloroform, benzene, or  toluene;  slightly  soluble  in  alcohol, ether, 
ethyl  acetate,  or  ligroin.  When  heated  to  140°  in  a  sealed  tube, 
for  five  hours  with  5  cc.  of.strong  hydrochloric  acid,  it  formed  a 
grayish  brown  crystalline  product,  which  melts  without  purifica- 
tion, at  285°.  Strong  nitric  acid  has  no  visible  efi"ect ;  hot  strong 
sulphuric  acid  gives  a  brown  product ;  alkalies  have  no  action  on 
it. 

The  red  ether,  Cf,\O^Cf:\0^,  when  boiled  for  five  hours  with 
acetic  anhydride,  gave  a  product,  which,  after  two  crystallizations 
from  a  mixture  of  benzene  and  Hgroin,  melted  at  28o°-282°,  and 
showed  a  pale  fawn  color.  There  seems  no  doubt,  therefore, 
that  this  product  is  identical  with  that  from  the  reduced  ether 
just  described. 

A  comparison  of  this  compound  with  the  acet  derivative  of 
the  monohemiacetal  will  be  found  in  the  introduction. 

Hexachlororthoquinomethylkemiacetalpyrocatechin  Ether, 
C6Cl,02C,Cl2(OCH30H)2.— This  compound  was  formed  by  the 
action  of  methyl  alcohol  on  tetrachlororthoquinone  in  the  cold, 
no  matter  what  might  be  the  concentration,  but  more  of  it 
seemed  to  be  formed  with  strong  than  with  dilute  solutions.  It 
was  separated  from  the  other  products  by  fractional  crystalliza- 
tion, the  separation  from  the  /?-compound  being  accomplished 
with  methyl  alcohol. 

This  body  was  more  conveniently  prepared  from  the  dark 
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red  syrupy  residue  obtained  by  evaporating  the  mother  liquors 
from  the  ,/3-compound  (dilutions  of  1:5  or  less).  This  was  dis- 
solved in  methyl  alcohol  and  a  Httle  hydrochloric  acid,  and  after 
standing  for  4-5  days  in  a  corked  flask,  at  ordinary  temper- 
atures, white  plates  separated,  which  were  crystallized  from 
benzene  till  they  showed  the  constant  melting  point  218°. 

It  was  also  formed  as  shown  by  its  melting  point,  218°,  and 
an  analysis  (IV),  when  a  pure  specimen  of  thetrichloroxypara- 
quinone,  melting  at  198°,  dissolved  in  methyl  alcohol  and  mixed 
with  a  Uttle  hydrochloric  acid,  was  allowed  to  stand  six  months 
at  ordinary  temperatures. 

As  already  stated,  the  hexachlororthoquinomonohemiacetal- 
pyrocatechin  ether,  C6Cl,02C6Cl20(OCH30H),  was  also  con- 
verted into  this  substance  by  standing  for  several  months  with 
methyl  alcohol  and  a  little  hydrochloric  acid  (Analysis  V).  The 
products  from  these  various  reactions  were  purified  for  analysis 
by  crystallization  from  benzene,  and  were  dried  at  100°. 

I.  0.1 73 1  gram  substance  gave  0.2228  gram  CO2  and  0.0486 
gram  H2O. 

11.  0.1864  gram  substance  gave  0.3338  gram  AgCl. 

III.  0.1776  gram  substance  gave  0.3167  gram  AgCl. 

IV.  0.1604  gram  substance  gave  0.2877  gram  AgCl. 
V.  0.1864  gram  substance  gave  0.3333  gram  AgCl. 


Calculated  for 

Found. 

C6Cl402C»Cl2(OCH30H)2.           I. 

II. 

III. 

C              3464          35.10 

.     . 

H                1.65             3.12 

CI             4392 

44.27 

44.09 

44-34     44  21 
The  molecular  weight  was  also  determined  by  the  boiling 

point  method. 

0.3667  gram  substance,  dissolved  in  31.19  grams  CgH,,  gave 

J  =  o°.o43. 


Calculated  for 
CuCleOeHs.            CsiClgOoH... 

Found. 

485                       724.5 

7136 

Mol.  wt. 

According  to  this  result  the  substance  has  a  molecular  weight 
about  one  and  a  half  times  as  great  as  that  assigned  to  it  by 
our  formula,  but  as  we  have  not  succeeded  in  constructing  any 
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formula  with  this  molecular  weight,  which  would  explain  the 
quantitative  conversion  of  the  compound  into  the  ether, 
CeCl^OaCi-CljOj,  by  sulphuric  acid,  we  therefore,  feel  obliged  to 
doubt  this  molecular  weight  determination,  and  to  accept  provi- 
sionally the  forumla  C^Cl/JX.ClCOCH^OIrl),,  which  explains  all 
the  relations  of  this  compound.  We  regret  exceedingly  that  an 
accident  prevented  us  from  carrying  out  our  intention  of  re- 
peating the  molecular  weight  determination  in  this  case  in  order 
to  retnove  the  doubt,  which  must  now  be  felt  about  the  true 
formula  of  this  substance. 

Properties  of  Hexachlororthoquinohemiacetalpyrocatechm  Ether. — 
It  crystallizes  from  benzene,  chloroform,  or  acetone  in  diamond- 
shaped  ,  white  plates ;  from  alcohol  in  ghstening  leaflets ;  from  ether 
or  ligroin  in  needles.  It  melts  at  218°  to  a  pale  fawn  colored 
liquid,  which  turns  red,  when  heated  to  a  higher  temperature. 
It  is  soluble  in  all  the  common  organic  solvents.  Strong  hy- 
drochloric acid,  when  heated  with  it  for  two  hours,  with  a  return 
condenser,  takes  on  an  orange  color  and  deposits  orange  needles, 
but  most  of  the  substance  does  not  dissolve,  and  turns  chocolate- 
brown,  showing  also  the  other  properties  of  the  hexachlordihy- 
droxypyrocatechin  ether,  C6Cl,02C6Cl2(OH)2.  That  it  is  this 
body  was  confirmed  by  its  conversion  into  the  red  orthoquino- 
ether  by  nitric  acid.  Nitric  acid  dissolves  the  hemiacetal  with- 
out change  of  color.  Strong  sulphuric  acid  gives  the  ortho- 
quino  ether,  CgCl402C,;Cl202,  as  will  be  described  below.  Sodic 
hydrate  dissolves  it,  giving  at  first  a  light  yellow  solution,  which, 
on  acidification,  deposits  a  few  orange  crystals.  By  further 
action  sodic  chloranilate  is  formed,  which  was  identified  by  the 
properties  of  the  chloranilic  acid  set  free  from  it  by  an  acid. 
Ammonic  hydrate  forms  a  purple  solution  with  it. 

Action  of  Sulphuric  Acid  on  the  Hemiacetal, 
C6Cl402CeCl2(OCH30H)2.— The  hemiacetal  (0.8820  gram),  melt- 
ing at    2i8°,  was  gently   warmed   with  strong  sulphuric  acid. 
When  the  solid  had  turned  red,  the  acid  was  washed  out,  and  the 
hexachlororthoquinopyrocatechin  ether  dried  and  weighed. 


CnCleO, 


Calculated  for 
CHClfiOeHg. 

Found 

0.7635 

0.7403 
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The  slight  difference  between  the  amounts  calculated  and 
found  is  accounted  for  by  a  trifling  secondary  reaction,  which 
was  shown  by  the  faint  purple  color  of  the  filtrate,  and  the  fact 
that  it  gave  a  reaction  for  hydrochloric  acid.  That  the  insol- 
uble product  was  the  orthoquinoether  was  proved  by  its  color, 
crystalline  form,  solubiHties,  and  the  following  analysis: 

0.1895  gram  substance  gave  0.3881  gram  AgCl. 

Calculated  for 
C6Cl,02C6Cl202.  Found. 

CI  50 .59  50 . 63 

Other  Reactions  of  the  Hemiacetal. — One  gram  of  the  hemi- 
acetal,  melting  at  2 1 8°,  was  warmed  gently  with  acetic  anhydride, 
and  then  allowed  to  stand  at  ordinary  temperatures  for  four  hours. 
The  product  after  crystallization  from  ligroin  formed  cream 
colored  prisms  melting  at  200°,  and  was  dried  at   200°. 

0.2172  gram  substance  gave  0.3842  gram  AgCl. 

Found. 

CI  43.73 

This  is  very  nearly  the  amount  of  chlorine  (43 .92)  in  the  orig- 
inal substance.  It  looked,  therefore,  as  if  no  reaction  had  taken 
place. 

Phosphoric  oxychloride  converted  the  hemiacetal  into  hexa- 
chlororthoquinopyrocatechin  ether,  recognized  by  its  properties, 
and  melting  point  298°-30o°. 

Reduction  with  granulated  zinc  and  acetic  acid  gave  in  half  an 
hour  a  product  with  the  properties  of  hexachlordihydroxypyro- 
catechin  ether. 

Methyl  alcohol,  acting  in  the  cold  for  eight  months,  converted  it 
partially  into  chloranilic  acid  and  an  unidentified  body  crystal- 
lizing in  white  needles.  If  hydrochloric  acid  was  also  present, 
the  change  took  place  in  half  the  time 

Conversions  of  Trichloroxyparaquinone  into  Orthoquinone  Deriv- 
atives.— In  three  preparations  of  the  /^-compound  with  2  cc.  of 
methyl  alcohol  and  tetrachlororthoquinone,  after  the  mixture 
had  stood  for  7-8  days,  orange  plates  were  deposited,  which 
had  the  color  and  crystalline  form  of  the  trichloroxyparaquinone, 
but,  if  these  were  allowed  to  stand  with  the  mother  liquors  for  24 
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hours  longer  they  were  replaced  by  white  rhombic  plates  of  the 
/3-compound  which  gave  the  following  result  on  analysis: 
0.2502  gram  substance  gave  0.5472  gram  AgCl. 

Calculated  for 
(CeCUOojoCHsOH.  Found. 

CI  54   19  5407 

We  feel  no  doubt  that  the  orange  plates  were  the  oxypara- 
quinone,  CeCl30H02,  but  it  does  not  follow  necessarily  from 
these  experiments  that  the  /^-compound  was  formed  from  it,  as 
it  may  have  ov/ed  its  origin  to  some  other  substance  contained 
in  the  mother  liquors.  To  determine,  therefore,  whether  an 
orthoquinone  derivative  could  be  formed  from  the  oxypara- 
quinone,  as  seemed  to  be  the  case  in  these  experiments,  two 
grams  of  a  pure  sample  of  the  para  compound,  C6CI3OHO2,  melt- 
ing at  198°,  were  dissolved  in  15  cc.  of  methyl  alcohol,  and  a 
little  strong  hydrochloric  acid  added.  The  mixture  stood  at 
ordinary  temperatures  in  a  corked  flask  for  six  months,  at  the 
end  of  which  time  white  crystals  were  obtained  melting  at 
218°,  crystallizing  in  diamond-shaped  white  plates,  and  giving 
the  following  result  on  analysis : 

0.1604  gram  substance  gave  0.2877  gram  AgCl 

Calculated  for 
C„Cl402C6Clo(0CH30H)2.  Found. 

CI  4392  44-34 

There  can  be  no  doubt,  therefore,  that  it  is  the  hexachlorortho- 
quinomethylhemiacetalpyrocatechin  ether,  and  it  was  formed 
in  this  case  instead  of  the  /^-compound  because  we  used  a  larger 
proportion  of  methyl  alcohol  than  that  from  which  the  /?-prod- 
uct  is  to  be  expected.  A  discussion  of  the  strange  nature  of 
this  conversion  will  be  found  in  the  introduction. 

When  the  methyl  alcohol  and  hydrochloric  acid  were  heated 
with  the  quinone  on  the  steam  bath  for  a  long  time,  choc- 
olate-brown plates  were  obtained  which  did  not  melt  below 
300°,  and  gave  the  following  result  on  analysis: 

0.1754  gram  substance  gave  0.2997  gram  AgCl. 

Found. 

CI  42 . 24 
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More  analytical  work  is  necessary  before  a  formula  can  be 
assigned  to  this  substance. 

Action  of  Ethyl  Alcohol  on  Tetrachlororthobenzoquinone. — 
Ten  grams  of  tetrachlororthoquinone  were  allowed  to  stand 
with  10  cc.  of  ethyl  alcohol  in  a  corked  flask,  at  ordinary  tem- 
peratures for  four  months.  At  the  end  of  two  weeks  orange 
yellow  crystals  had  formed,  but  the  whole  was  allowed  to  stand 
for  the  longer  period  to  make  sure  that  the  reaction  had  run  to 
an  end.  The  crystals  were  washed  with  alcohol,  and  purified 
by  six  crystallizations  from  equal  parts  of  alcohol  and  benzene, 
when  they  showed  the  constant  melting  point  210°.  Mixed 
with  this  yellow  principal  product  were  silvery  gray  needles, 
which  seemed  to  be  the  reduced  ether,  CeCl402CloCl2(OPl2), 
and  from  the  mother  liquors  trichlor-2-oxyparaquinone, 
melting  at  198  °,  and  chloranilic  acid  were  obtained.  If  10  grams 
of  the  tetrachlororthoquinone  were  allowed  to  stand  with  30  cc. 
of  ethyl  alcohol  (instead  of  10  cc),  the  same  products  were  ob- 
tained except  the  reduced  ether. 

Compound  melting  at  210°.— This  substance  was  dried  at  100° 
for  analysis. 

I.  0.2 II 2  gram  substance  gave  0.2814  gram  CO,  and  0.0280 
gram  HjO. 

II.  0.2019  gram  substance  gave  0.2688  gram  CO2  and  0.0291 
gram  HjO. 

III.  0.1882  gram  substance  gave  0.3489  gram  AgCl. 

IV.  0.1766  gram  substance  gave  0.3266  gram  AgCl. 
V.  0.1 7 18  gram  substance  gave  0.3185  gram  AgCl. 


Calculated  for 

Found. 

CssHisClijOio. 

I.              II.            III.            IV.             v. 

c 

35  96 

36.34    36.31         

H 

1.28 

1-47      I    60      

CI 

•      4561 

45-82  45.72  45.83 

Analyses  I.,  II.  and  III.  were  made  with  the  same  prepara- 
tions IV.  and  V.  from  different  specimens. 

A  determination  of  the  molecular  weight  was  made  by  the 
boiling  point  method: 

0.4570  gram  substance,  in  21.86  grams  CgHg,  gave  J  = 
o°.o6o. 
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Calculated  for 
CjsH,jCl,sO,„. 

Found. 

934 

909 

Mol.  wt. 

These  results  are  sufficient  to  establish  this  formula,  or  one  con- 
taining 2  atoms  less  of  hydrogen,  which  would  agree  equally 
well  with  the  determinations.  We  prefer  the  formula  given, 
because  it  would  be  made  up  by  the  union  of  2  molecules  of  the 
ether,  C8CI4O2C6CI2O2,  with  2  of  ethyl  alcohol. 

Properties  of  the  Compound  Melting  at  210°  Formed  by  the  Action 
of  Ethyl  Alcohol. — It  crystallizes  in  lemon-yellow,  diamond- 
shaped  plates,  which  melt  sharply  at  210°  to  a  red  liquid.  It 
is  easily  soluble  in  acetone,  ethyl  acetate,  or  benzene;  moder- 
ately soluble  in  ether,  or  chloroform;  slightly  soluble  in  alcohol, 
acetic  acid,  or  ligroin ;  insoluble  in  water.  Strong  hydrochloric 
acid  or  nitric  acid  has  no  visible  effect  on  it,  but  fuming  nitric 
acid,  when  added  to  the  substance  dissolved  in  glacial  acetic 
acid,  turns  the  solution  red,  and  on  the  addition  of  water  a  white 
precipitate  is  formed,  which  melted  in  the  crude  state  at  202° 
and  seemed  to  be  more  soluble  than  the  original  substance. 
Treatment  with  strong  sulphuric  acid  converts  the  substance 
melting  at  210°  into  the  red  ether,  CgCl^OjCeClaOz,  nearly  quan- 
titatively. 

1.900  grams  substance  gave  1.7347  grams  CuClgO^.  Calcu- 
lated from  CjgHijClijOio,  i'7i3  grams.  That  this  was  the  red  ether 
was  proved  by  its  properties,  and  the  following  analysis : 

0.1953  gram  substance  gave  0.4017  gram  AgCl. 


Calculated  for 
C12CI6O4. 

Found. 

50.59 

50.86 

CI 

Action  of  Acetic  Anhydride  on  the  Compound  Melting  at  210°. 
— One  gram  of  this  compound  was  heated  with  15-20  cc.  of 
acetic  anhydride  on  the  steam  bath,  under  a  return  condenser, 
for  15  minutes,  when  it  was  found  that  a  considerable  quantity 
of  the  red  ether,  CeClAC6Cl202,  had  been  formed,  but,  if  the 
heating  was  continued  for  an  hour,  this  disappeared, and  a  white 
product  was  obtained,  which  after  six  crystallizations  from  equal 
parts  of  benzene  and  ligroin  showed  the  constant  melting  point 
195°,  where  it  was  dried  at  100°. 
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0.1643  gram  substance  gave  o  2810  gram  AgCl. 

Calculated  for 
C28H,o(C2H30)2.Cli20,o.  Found. 

CI  41  84  42.28 

A  molecular-weight  determination    was   made  by  the  boiling 
point   method : 

0.4228  gram  substance  dissolved  in  33.91  grams  CgHg  gave  J  = 
o°.033. 

Calculated  for 
C28H]o(C2H.30)2Cli20io.  Found. 

Mol.  wt.  1018  986 

Properties. — It  crystallizes  from  benzene  and  ligroin  in  flat 
needles  with  square  ends  arranged  in  radiating  groups,  and  is 
probably  white,  although  portions  of  our  specimens  showed  a 
faint  purple  color.  It  melts  at  195°,  and  is  easily  soluble  in 
ether,  chloroform,  glacial  acetic  acid,  or  benzene;  slightly  sol- 
uble in  alcohol;  very  slightly  in  Hgroin.  Strong  hydrochloric 
acid,  when  heated  to  140°  in  a  sealed  tube  with  it,  gives  long, 
brown  needles;  strong  nitric  acid  has  no  effect,  but  fuming  nitric 
acid  gives  a  reddish  brown  product;  alkalies  dissolve  it  slightly, 
forming  a  pale  yellow  solution. 

A  specimen  of  it  was  heated  with  sulphuric  acid  (sp.  gr.  =^  1.41), 
without  any  effect  so  long  as  it  was  kept  on  the  steam  bath, 
but  upon  boiling  the  acid  the  red  ether,  ChCI^OjCbCIjOz,  was 
formed  in  a  few  minutes,  which  by  longer  heating  was  converted 
into  the  reduced  ether. 

Phosphoric  oxychloride  with  or  without  phosphoric  pentachlo- 
ride  at  a  gentle  heat  converted  the  substance  melting  at  210° 
into  the  red  ether  which  wasj^recognized  by  its  properties  and 
the  following  analysis : 

0.1342  gram  substance  gave  0.2750  gram  AgCl. 


Calculated  for 
C12CIBO4. 

Found. 

50.59 

50.66 

CI 

Action  of  Alkalies  with  the  Compound  Melting  at  210°. — 
Two  grams  of  this  substance  were  warmed  on  the  steam  bath 
for  a  few  minutes  with  a  10  per  cent  solution  of  potassic  hy- 
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drate.     The  dark  red  needles  formed  were  recrystallized  from 
warm  water,  and  dried  to  constant  weight  in  the  air. 

I.  0.1342  gram  substance,  when  heated  to  110°,  lost  0.0085 
gram  HjO. 

II.  0.1994  gram  substance  lost  0.0118  gram  HjO. 


Calculated  for 

C6Cl2(OK),O2.H20. 

I. 

Found. 

n. 

5-94 

6.33 

5-91 

H20 

I.  0.1257  gram  substance,  dried  at  110°,  gave  0.0772  gram 
K3SO4. 

II.  0.1876  gram  substance  gave  0.1143  gram  KjSO^j. 


Calculated  for 

C5Cl2(OK)20,. 

I. 

Found. 

II. 

27-37 

27-57 

27-35 

K 

Half  a  gram  of  the  substance  melting  at  210°  was  treated 
with  a  10  per  cent  solution  of  sodic  hydrate,  which  gave  at  first 
yellow  crystals  passing  easily  into  purplish  red  needles,  which 
were  recrystallized  four  times  from  warm  water  and  dried  in 
the  air. 

0.1248  gram  substance,  when  heated  to  110°,  lost  0.0217 
gram  HjO. 

Calculated  for 
C6Cl2(ONa)202.3H20.  Found. 

H2O  17.59  17-39 

0.103 1  gram  salt,  dried  at  110°,  gave  0.0580  gram  Na2S04. 

Calculated  for 
C6Cl2(ONa)202.  Found. 

Na  18.19  18.22 

These  analyses  prove  that  the  salts  were  chloranilates;  and  an 
ammoniacal  solution  of  this  body  gave,  with  baric  chloride, 
the  characteristic  fawn  colored  precipitate  of  baric  chloranilate. 

With  more  dilute  sodic  hydrate  on  one  occasion  a  sky-blue 
solid  was  formed,  and  on  another,  grayish  needles,  which  seemed 
to  be  the  reduced  ether,  CeCl402C6Cl2(OH)2.  In  the  time 
at  our  disposal  we  have  been  unable  to  determine  the  conditions, 
which  caused  these  reactions. 

Reduction  of  the  compound  melting  at  210°  with  granulated 
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zinc  and  acetic  acid  on  the  steam  bath,  for  half  an  hour,  gave 
long  silky  needles,  melting  at  247°,  which  by  some  accident 
were  not  analyzed.  With  nitric  acid  this  product  gave  the  red 
ether  melting  at  298°-3oo°. 

0.1057  gram  substance  gave  0.2192  gram  AgCl. 


Calculated  for 
CisCUO*. 

Found. 

50.59 

5127 

CI 

Secondary  Proditcis  of  the  Reaction  of  Ethyl  Alcohol  on  Tetra- 
chlororthoquinone. — The  trichlor-2-oxyparaquinone,  QClgOHOj, 
was  obtained  from  the  mother  liquors  by  allowing  the 
residue  from  them  to  stand  exposed  to  the  air,  until  it  had  par- 
tially crystallized,  when  a  little  chloroform  was  added,  and  the 
mixture  stirred  vigorously.  It  was  then  treated  with  a  mixture 
of  equal  parts  of  benzene  and  chloroform,  which  dissolved  the 
oxyparaquinone,  and  left  the  chloranilic  acid  undissolved. 
The  first  substance  was  purified  by  recrystallization  from  ben- 
zene and  chloroform,  till  it  showed  the  constant  melting  point 
198°,  when  it  was  dried  at  100°. 

0.1684  gram  substance  gave  Q.3184  gram  AgCl. 


Calculated  for 
CeClsOHO.j. 

Found. 

46.82 

46.74 

CI 

The  chloranilic  acid  after  recrystallization  from  a  mixture  of 
methyl  alcohol  and  petroleum  ether  sublimed  between  285° 
and  290°,  and  was  dried  at   100°. 

o .  0793  gram  substance  gave  o .  1095  gram  AgCl. 

Calculated  for 

C6Cl2(OH)oOo.  ;Found. 

CI  33.97  3407 

Product  Melting  at  113°. — If  the  alcoholic  liquid,  from 
which  the  substance  melting  at  210°  had  been  deposited,  was 
treated  with  a  small  quantity  of  hydrochloric  acid,  and  allowed 
to  stand  at  ordinary  temperatures  for  a  week,  a  white  product 
was  obtained,  which,  after  washing  with  cold  alcohol  and  re- 
crystallization from  benzene  and  ligroin,  showed  the  constant 
melting  point  115°,  and  was  dried  in  vacuo. 
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I.  0.1767  gram  substance  gave  0.3594  gram  AgCl. 
II.  o.  1708  gram  substance  gave  0.3417  gram  AgCl. 

Found. 
I.  II. 

CI  50.28  49.48 

The  analyses  were  made  with  specimens  from  different  prepara- 
tions. This  subtance  conies  very  near  to  trichlorpyrocatechin, 
CbHC13(OH)2,  which  contains  49.88  per  cent  of  chlorine,  and 
melts  at  115°,  when  it  contains  one  molecule  of  water  of  crys- 
tallization; but  Cousin,^  who  discovered  this  compound,  found 
that  it  loses  only  half  a  molecule  of  water,  when  dried  in  vacuo 
and  CeHClsCOHja-iHjO  contains  47 .  86  per  cent  of  chlorine.  He 
also  describes  the  compound  with  i  HjO  as  crystallizing  in 
prisms  or  needles  and  soluble  in  alkalies,  whereas  our  product 
crystallizes  in  diamond-shaped  white  plates,  and  is  unaffected 
by  alkalies  or  acids.  With  our  present  data,  therefore,  it  is 
impossible  to  settle  the  nature  of  this  substance  definitely.  It 
melts  at  115°  to  a  colorless  liquid,  and  is  easily  soluble  in  all 
the  common  organic  solvents. 

With  a  larger  quantity  of  hydrochloric  acid  the  mother  liquors 
gave  after  three  months  chloranilic  acid  and  a  white  product  melt- 
ing at  228°,  but  formed  in  insufficient  quantity  for  analysis. 

Action  of  Other  Alcohols  of  the  Fat  Series  on  T elrachlorortho- 
quinone. — Normal  propyl  alcohol  and  isoamyl  alcohol  with  tetra- 
chlororthoquinone  gave  chloranilic  acid  and  oxyparaquinone, 
CeClgOHOj,  melting  at  198°. 

I.  0.1597  gram  of  the  red  product  from  normal  propyl 
alcohol  gave  0.2215  gram  AgCl. 

II.  0.1542  gram,  from  isoamyl  alcohol,  gave  0.2120  gram 
AgCl. 

Calculated  for  Found. 

C6Cl2(OH)20o.  I.  II. 

CI  33-97  34  29  33-99 

I.  0.1946  gram  of  the  orange  product,  from  normal  propyl 
alcohol,  gave  0.3700  gram  AgCl. 

II,  0.1426  gram,  from  isoamyl  alcohol,  gave  0.2715  gram 
AgCl. 

1  Ann.  Chim.  Phys.  [7],  13,  483  (1898). 
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:alculi 

ited  for 
DHOo. 

I 

Found. 

IL 

46 

.82 

47. 

01 

47 

.07 

CI 

Isopropyl  alcohol  with  tetrachlororthoquinone  also  gave 
chloranilic  acid  and  an  unidentified  brown  product. 

Tertiary  butyl  alcohol,  on  the  contrary,  gave  a  product  which 
probably  belongs  to  the  /?-series.  Ten  grams  of  tertiary  butyl 
alcohol  were  allowed  to  stand  with  10  grams  of  tetrachlorortho- 
quinone at  ordinary  temperatu  res.  At  the  end  of  two  weeks  white 
rhombic  plates  began  to  form.  These  after  they  had  collected 
in  quantity  were  washed  with  a  mixture  of  i  part  benzene  to  2  of 
ligroin,  and  then  crystallized  from  equal  parts  of  benzene  and 
chloroform.  After  five  crystallizations  the  compound  melted 
constant  at  250°,  when  it  was  dried  at  100°  for  analysis. 

0.1153  gram  substance  gave  0.2330  gram  AgCl. 

Calculated  for 
(C8Cl402)2(CH3)3COH.  Found. 

CI  50.17  49  96 

Properties  of  Octodilororthoquino-i -tertiarybutyloxy-i' -hydroxy- 
1 ,2 ,2-trioxide. — It  crystallizes  from  benzene  and  chloroform 
in  w^hite  rhombic  plates,  which  melt  at  250°  to  a  dark 
liquid.  It  is  easily  soluble  in  ether,  acetone,  or  ethyl  acetate; 
moderately  soluble  in  alcohol,  benzene,  or  chloroform ;  prac- 
tically insoluble  in  ligroin.  Strong  hydrochloric  acid  has  no 
effect;  strong  nitric  acid  forms  a  pale  brown;  strong  sulphuric 
acid  a  dark  brown  solution  with  it;  it  dissolves  in  sodic  or 
ammonic  hydrate. 

Action  of  Benzyl  Alcohol  on  Tetrachlororthoquinone. — Twenty 
grams  of  the  quinone  were  allowed  to  stand  at  ordinary  tem- 
peratures with  20  cc.  of  benzyl  alcohol.  In  the  course  of  a 
few  hours  the  red  color  of  the  quinone  began  to  disappear, 
and  at  the  end  of  24  hours  it  was  entirely  converted  into  a  yel- 
low product,  while  the  liquid  had  a  strong  odor  of  benzyl  chlo- 
ride. The  solid  product  was  crystallized  from  equal  parts  of 
benzene  and  ligroin  until  it  showed  the  constant  melting  point 
215°,  when  it  was  dried  for  analysis. 

I.  0.2958  gram  substance  gave  0.3655  gram  CO^  and  0.0683 
gram  HjO. 
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II.  0.2249  gram  substance  gave  0.4572  gram  AgCl. 
III.  0.2162  gram  substance  gave  0.4363  gram  AgCl. 

Calculated  for  Found. 

CioCleOiHo.  I.  II.  III. 

C  3405  33.69 

H  0.47  2.56 

CI  50  36  ..••         50  26  49  89 

These  analyses  show  that  the  substance  has  a  composition  very 
near  to  that  of  the  dihydroxy  ether,  Cj^l/J^Q^CliOH)^,  but 
with  our  present  data  we  have  been  unable  to  assign  a  definite 
formula  to  it.  It  crystallizes  from  benzene  and  ligroin  in  lemon- 
yellow  square  prisms.  If  the  melting-tube  containing  it  is 
dipped  into  the  hot  bath,  a  constant  melting  point  of  215°  is 
obtained,  the  substance  turning  red  as  it  melts;  if ,  instead  of 
this,  the  substance  is  heated  with  the  bath,  it  takes  on  a  faint 
red  at  170°,  which  becomes  deeper  as  the  temperature  rises, 
but  it  does  not  melt  till  280°.  The  reason  for  this  behavior  is 
that  the  hexachlor  ether,  CgCli204,  begins  to  form  at  170°.  It 
is  easily  soluble  in  alcohol,  chloroform,  acetone,  ethyl  acetate, 
or  benzene,  slightly  soluble  in  ligroin.  Boiling  with  water  or  very 
dilute  ammonic  hydrate  converts  it  into  the  red  hexachlor  ether. 
Strong  hydrochloric  acid  or  nitric  acid  has  no  effect  on  it ;  strong 
sulphuric  acid  gives  a  grass-green  color  followed  by  black. 
Dilute  sodic  hydrate  gives  at  first  the  hexachlororthoquino 
ether,  C6Cli204,  followed  by  its  decomposition  products,  chlor- 
anilic  acid  and  hexachlordihydroxypyrocatechin  ether. 

Action  of  Acetic  Anhydride. — Two  grams  of  the  substance 
from  benzyl  alcohol,  melting  at  215°,  mixed  with  10  cc.  of  acetic 
anhydride,  were  warmed  on  the  steam  bath  under  a  reverse 
condenser.  After  two  minutes  the  solution  turned  red,  and  bril- 
liant red  crystals  were  deposited.  To  be  certain  that  the  reaction 
was  complete  the  mixture  was  heated  for  15  minutes  longer, 
after  which  the  supernatant  liquid  was  poured  into  an  evapora- 
ting dish,  where  it  deposited  a  yellow  product.  By  treating 
the  mass  in  the  flask  after  the  acetic  anhydride  had  evaporated, 
with  dilute  alcohol,  the  red  product  was  obtained  in  crystals. 
It  was  recrystallized  from  benzene  when  it  formed  long,  red 
needles,  melting  at  298°-300°.     This   indicated   that   it   was 
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hexachlororthoquinopyrocatechin  ether,  which  was  confirmed 
by  the  following  analysis  of  the  substance  dried  at  100°. 
o.  1768  gram  substance  gave  0.3609  gram  AgCl. 


Calculated  for 

C12CISO4. 

Found. 

50.59 

50.47 

CI 

It  was  difficult  to  purify  the  yellow  product  of  the  reaction, 
because  it  was  easily  soluble  in  all  the  organic  liquids,  and  these 
solutions  left  it  as  a  thick  yellow  oil,  but  by  using  dilute  alco- 
hol we  at  last  obtained  it  with  a  constant  melting  point  of  195° 
when  it  was  dried  in  vacuo  for  analysis. 

I.     0.0800  gram  substance    gave  0.1635   gram  AgCl. 

11.     0.1657  gram  substance    gave  0.3339  gram  AgCl. 

Found. 
I.  II. 

CI  50.53  49  82 

The  analyses  were  made  from  different  preparations.  We  can 
assign  no  formula  to  this  substance  at  present. 

Properties. — It  crystallizes  from  dilute  alcoliol  in  flocculent 
needles  of  a  creamy  white  color,  which  melt  a  195°  to  a  faint 
brown  liquid.  It  is  easily  soluble  in  ether,  chloroform,  acetone, 
benzene,  or  ligroin,  somewhat  less  soluble  in  alcohol.  The  best 
solvent  for  it  is  dilute  alcohol.  Strong  hydrochloric  acid  has 
no  action  on  it;  it  is  moderately  soluble  in  strong  nitric  acid; 
freely  soluble  in  strong  sulphuric  acid,  or  alkalies. 

A  weighed  portion  of  the  benzyl  alcohol  compound  was  treated 
with  acetic  anhydride  as  already  described,  and  the  residue 
after  evaporation  of  the  liquid  extracted  with  dilute  alcohol. 
The  residue  consisting  of  hexachlororthoquinopyrocatechin  ether 
was  then  weighed  with  the  following  result: 

2.9814  grams  substance  gave  1.7358  grams  CjjClgOj. 

Reduction  of  the  Benzyl  Alcohol  Compound. — Two  grams  of 
this  substance  were  heated  with  granulated  zinc  and  acetic 
acid  on  the  steam  bath,  when  ahiiost  at  once  the  liquid  turned 
red,  and  deposited  red  crystals,  which,  after  the  continuance 
of  the  reduction  for  five  minutes,  turned  chocolate-brown.  That 
this  product  was  the  hexachlordihydroxypyrocatechin  ether 
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was  shown  by  its  melting  point  290°,  after  recrystallization 
from  alcohol,  its  other  properties  and  the  following  analysis: 
0.2018  gram  substance  gave  0.4099  gram  AgCl. 


Calculated  for 
C,oCle04H„. 

Found. 

50  .  36 

50.22 

CI 

Sulphurous  dioxide  was  passed  into  a  mixture  of  2  grams  of 
the  compound  from  benzyl  alcohol  with  50  cc.  of  water  for  an  hour. 
The  deep  yellow  color  of  the  original  substance  faded  to  a  creamy 
white,  after  it  had  stood  with  the  solution  of  sulphurous  acid 
for  24  hours.  It  was  then  recrystallized  from  a  mixture  of 
equal  parts  of  benzene  and  ligroin,  until  the  gray  needles  melted 
at  i88°-i90°  to  a  black  liquid,  when  it  was  dried  in  vacuo. 

0.2557  gram  substance  gave  0.5546  gram  AgCl. 


Calculated  for 
CeCUOoHo.HsO. 

Found. 

53.38 

53  62 

CI 

It  would  seem,  therefore,  to  be  somewhat  impure  tetrachlor- 
pyrocatechin,  which  melts  at  i94°-i95°  and  crystallizes^  with 
one  molecule  of  water. 

We  have  been  unable  to  work  out  a  structural  fornmla  for 
the  benzyl  compound,  melting  at  215°,  from  the  observ^ations 
described  above,  but  hope  that  a  further  study  of  its  derivatives 
will  throw  light  on  its  constitution.  When  tetrachlorortho- 
quinone  was  treated  with  hot  benzyl  alcohol  the  product  seemed 
to  be  the  reduced  ether,  CaCl,02C6Cl2(OH)2. 

Action  of  Tetrachlororthobenzoquinone  with  Toluene. — 

Cold  Toluene. — Four  products  were  formed  by  allowing  tetra- 
chlororthoquinone  to  stand  with  ordinary  toluene  at  room 
temperatures. 

(i)  Toluene  of  Crystallization,  C6CI4O2.C7H8. — Ten  grams 
of  the  orthoquinone  dissolved  in  10  cc.  of  redistilled  toluene 
were  allowed  to  stand  in  a  corked  flask  for  two  days,  when  long, 
red  needles  were  deposited,  which  effloresced  rapidly  in  the  air. 
They  were  dried  quickly  on  filter  paper,  and  allowed  to  stand 
at  first  in  a  desiccator,  finally  in  vactio. 

1  Jackson  and  Boswell :  This  Journal,  35,  529  (1906). 
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0.6417  gram  substance  lost  o.  1814  gram  C^Hg. 

Calculated  for 

C6CI4O2.C7H8.  Found. 

C7H8  27.22  28.26 

The  residue  was  tetrachlororthoquinone. 

(2)  a-Water  Compound.  Octochlororthoquino- 1 ,i'-dihydroxy- 
I -monoxide,  C.CipOHOHO.CeCl^.— If  the  red  crystals  of  tetra- 
chlororthoquinone with  toluene  of  crystallization  were  allowed 
to  remain  in  the  toluene  solution  for  10-14  days,  they  were 
converted  into  a  pinkish  white  product.^  This  was  washed  with 
a  mixture  of  equal  parts  of  benzene  and  ligroin,  and  crys- 
tallized from  warm  benzene,  until  it  showed  the  constant 
melting  point  172°,  when  it  was  dried  in  vacuo. 

o.  1 102  gram  substance  gave  0.2478  gram  AgCl. 

Calculated  for 

(C6Cl402)2HoO.  Found. 

CI  55  69  55.59 

As  it  is  converted  into  the  hexachlorether,when  it  melts,  it 
must  belong  to  the  a-series. 

Properties. — It  crystallizes  from  benzene  in  white  needles 
arranged  in  clusters  or  radiating  groups.  It  melts  with  red- 
dening at  172°,  and  is  soluble  in  alcohol,  ether,  chloroform, 
acetone,  ethyl  acetate,  or  benzene;  slightly  soluble  in  ligroin. 
The  three  strong  acids  have  no  visible  effect  on  it,  even  when 
heated  with  it  for  a  short  time;  sodic  hydrate  dissolves  it. 

(3)  Yellow  Product  Melting  at  2C)o°. — If  instead  of  removing 
the  a-water  compound  from  its  mother  liquor  as  soon  as  it  was 
formed,  it  was  allowed  to  remain  with  it  for  six  weeks;  two  new 
products  were  formed,  one  yellow,  the  other  chocolate-brown. 
The  yellow  substance  was  washed  with  ligroin,  and  then  recrystal- 
lized  four  times  from  equal  parts  of  benzene  and  ligroin,  when 
it  showed  the  melting  point  290°.     It  was  dried  in  vactu). 

I.  0.2267  gram  substance  gave  0.2764  gram  CO2  and  0.0202 
gram  HgO. 

II.  0.1492  gram  substance  gave  0.3167  gram  AgCl. 
III.  0.1707  gram  substance  gave  0.3607  gram  AgCl. 

'  The  mother  liquors  poured  off  from  this  gave  the  red  ether,  C12CI0O4,  when 
treated  with  alcohol. 
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Calculated  for 

Found. 

C24HCI13OS. 

] 

[. 

11. 

c 

32 

•79 

33 

■25 

H 

0 

.  II 

0 

•99 

.... 

CI 

52, 

■53 

. 

52.48 

52.25 

The  formula  given  above  is  one,  which  might  be  expected 
from  the  conditions  of  the  formation  of  the  substance,  since 
it  would  be  formed  by  the  union  of  i  molecule  of  the  ether, 
Q^C\O^Cf:lf>^,  with  one  of  the  hemiether,  CeCl.OHOQClgOg. 

Properties. — It  crystallizes  from  benzene  and  ligroin  in  ro- 
settes of  yellow  needles,  which  on  exposure  to  the  air  gradu- 
ally take  on  a  reddish  tinge.  It  melts  at  290°  to  a  red  liquid, 
but  begins  to  turn  red  from  the  formation  of  the  hexachlor  ether, 
QClpaCsCUO^,  at  270°.  It  is  freely  soluble  in  alcohol,  ether, 
chloroform,  acetone,  ethyl  acetate,  benzene,  or  toluene;  slightly 
soluble  in  ligroin.  The  three  strong  mineral  acids  do  not  affect 
it;  sodic  or  ammonic  hydrate  dissolves  it,  giving  a  purple  so- 
lution. The  two  products  formed  by  sodic  hydrate  are  sodic 
chloranilate,  and  the  ether,  C,Cl,OX,Cl2(OH)2. 

When  heated  with  water,  it  is  converted  into  the  red  ether, 
CgCl^OjCgCloOj.  A  specimen,  which  had  been  kept  in  a  corked 
tube  for  a  year  without  visible  change,  was  treated  with  boil- 
ing water  for  some  time,  so  as  to  make  sure  that  the  conversion 
into  the  ether  was  complete  with  the  following  result: 

0.6277  gram  substance  gave  0.5820  gram  CijClgO^,  instead 
of  0.6017  gram,  the  calculated  amount  if  the  substance  is 
Cj^HClijOg. 

(4)  Brown  Product. — The  brown  product  of  the  action  of 
toluene  on  tetrachlororthoquinone  was  not  obtained  in  sufficient 
quantity  for  analysis.  It  melted  at  i82°-i83°,  and  crystal- 
lized in  fawn-colored  needles.  As  it  was  soluble  in  water,  gave 
with  ferric  chloride  a  dark  green  color,  and  with  strong  nitric 
acid  a  red  product,  it  is  probable  that  it  is  a  substituted  py- 
rocatechin. 

Action  of  Dry  Toluene  on  Tetrachlororthoquinone. — The 
object  of  this  experiment  was  to  determine  whether  absolutely 
dry  toluene  gave  only  the  compound  containing  toluene  of 
crystallization.     In  similar  earlier  experiments  with  tetrabrom- 
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orthoquinone  the  water  compound,  (CgBr402)2H20,  had  also 
been  obtained,  and,  as  in  these  cases  some  care  had  been  taken 
to  dry  the  toluene,  they  threw  doubt  on  the  composition  of  the 
water  body  in  spite  of  the  evidence  of  the  analyses.  As  these 
earlier  experiments  showed  that  the  orthoquinone  had  a  most 
unusual  attraction  for  water,  great  pains  were  taken  to  exclude  it 
completely  from  this  experiment.  The  toluene  was  allowed  to 
stand  for  eight  months  in  contact  with  bright  metallic  sodium, 
and  then  distilled  in  vacuo.  The  quinone  was  dried  at  70°  to 
constant  weight,  and  the  glass-stoppered  weighing  tube  selected 
for  the  experiment  was  carefully  dried  in  a  current  of  hot  air. 
Five  grams  of  the  quinone  were  placed  in  the  tube,  which  was 
then  filled  with  the  toluene  as  quickly  as  possible,  and  the  glass 
stopper  replaced  leaving  only  a  very  small  air-bubble  in  the  tube 
and  forcing  out  some  of  the  solution  which  evaporating  above 
the  junction  of  the  tube  and  the  stopper,  assisted  in  sealing  the 
apparatus.  The  tube  was  then  allowed  to  stand  in  a  desicca- 
tor over  sulphuric  acid  for  six  months,  so  that  there  might  be 
time  for  any  reaction  to  take  place.  At  the  end  of  this  period  the 
supernatant  liquor  was  poured  off  into  a  dry  flask,  and  the  tol- 
uene driven  off  by  a  stream  of  dry  air;  the  residue  was  the 
unaltered  quinone.  The  crystals  which  had  formed  in  the  tube 
gave  up  toluene  when  gently  warmed,  and  also  left  the  un- 
altered quinone.  None  of  the  water  compound,  therefore, 
had  been  formed. 

Hot  Toluene. — Five  grams  of  tetrachlororthoquinone  were 
heated  with  toluene  on  the  steam  bath,  under  a  return  con- 
denser, for  six  hours,  when  a  yellow  product  was  obtained,  which, 
after  recrystallization,  showed  by  its  melting  point  (2i4°-2i5° 
if  the  substance  is  dipped  into  the  heated  bath)  and  all  its  other 
properties  that  it  was  identical  with  the  substance  obtained 
by  the  action  of  benzyl  alcohol  on  tetrachlororthoquinone,  and 
this  was  confirmed  by  the  following  analysis. 

0.2071  gram  substance  gave  0.4230  gram  AgCl. 


Calculated  for 
CijCUO^Hii. 

Found. 

50.36 

50.50 

In  one  experiment  hot  toluene  under  the  conditions  given 
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above  converted  the  tetrachlororthoquinone  into  a  white  prod- 
uct melting  at  238°,  but  we  could  not  obtain  this  substance  again. 

Action  of  Hot  Toluene  on  Tetrabromorthoquinone. — This 
experiment  was  tried  in  the  hope  that  it  would  throw  light  on 
the  nature  of  the  chlor  compound  melting  at  215°.  Five  grams 
of  tetrabromorthoquinone  were  heated  with  5  cc.  of  toluene 
(redistilled  but  not  dried)  on  the  steam  bath,  under  a  return 
condenser  for  an  hour.  At  the  end  of  this  time  the  quinone 
was  wholly  converted  into  a  yellow  compound,  which  proved 
to  be  the  heptabromorthoquinopyrocatechin  hemiether,  dis- 
covered by  Russe  and  one  of  us.^  Its  identity  was  established 
by  its  melting  point,  244°,  and  the  following  analysis : 

3.0208  gram  substance  lost  0.3993  gram  CgHewhen  heated 
to  100°. 

Calculated  for 
C,2HBr704iV2C6H6.  Found. 

QHe  13   22  13.22 

o  1964  gram  substance  dried  at  100°  gave  0.3373  gram  AgCl. 

Calculated  for 
Ci2HBr704.  Found. 

Br  72.80  73.08 

This  seems  to  be  the  best  method  yet  found  for  preparing 
the  heptabrom  hemiether,  as  it  gives  it  quickly  and  in  an  essen- 
tially pure  state. 

Action  of  Acetic  Acid  on  Tetrachlororthobenzoquinone. — An 
experiment  in  which  the  quinone  was  evaporated  to  dry- 
ness several  times^  with  glacial  acetic  acid  yielded  little  except 
the  red  ether,  CeCl^OjCeCiPa-  Accordingly  the  action  of  cold 
acetic  acid  was  tried.  Ten  grams  of  tetrachlororthoquinone 
were  allowed  to  stand  with  50  cc.  of  glacial  acetic  acid  in  a  corked 
flask  for  8  months,  when  the  cream  white  product  was  purified 
by  crystallization  from  glacial  acetic  acid,  followed  by  washing 
with  alcohol,  or  by  using  equal  parts  of  glacial  acetic  acid  and 
alcohol  as  the  solvent.  The  .melting  point  was  constant  at 
250^-252°,  when  the  substance  was  dried  at  100°  for  analysis: 
I.  0.1704  gram  substance  gave  0.3550  gram  AgCl. 

1  This  Journal,  35,  165  (1906). 

«  Method  of  Jackson  and  Koch:  This  Journal.  26,  42  (1901). 
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II.  0.147 1  gram  substance  gave  0.3057  gram  AgCl. 
III.  o.  1056  gram  substance  gave  o. 2169  gram  AgCl. 


Calculated  for 
(C8Cl402)oCH3COOH. 

I. 

Found. 
II. 

III. 

51 -45 

51.51 

51, 38 

50  .  78 

CI 
As  the  substance  turns  red  on  melting  it  belongs  to  the  a-series. 

Properties  of  the  oc- Addition-Compound ,  Octochlororthoquino- 
i-acetoxy- 1 '-hydroxy  I -monoxide. — It  crystallizes  from  acetic 
acid  in  spherical  masses  of  white  needles,  which  melt  at  250°- 
252  °  to  a  red  liquid.  It  is  freely  soluble  in  ether,  acetone,  ethyl 
acetate,  or  acetic  acid;  moderately  soluble  in  alcohol,  chloro- 
form, or  benzene ;  slightly  soluble  in  ligroin.  The  three  strong 
mineral  acids  have  no  eflfect  on  it;  sodic  hydrate  dissolves  it,  and 
if  heated  with  ammonic  hydrate  for  some  time  it  turns  brown. 
An  attempt  to  make  the  /9-compound  with  acetic  anhydride 
and  sodic  acetate  gave  an  impure  product,  which  was  never 
brought  into  a  state  fit  for  analysis. 

Action  of  Water  on  Tetrachlororthobenzoquinone.  —  Three 
grams  of  the  orthoquinone  were  heated  with  50  cc.  of 
water  on  the  steam  bath.  The  solution  turned  dark  reddish 
brown,  and  in  a  few  minutes  a  brilliant  red  product  was  formed, 
which,  after  washing  with  alcohol  and  recrystallization  from 
benzene,  melted  at  298 ^-300°,  and  showed  the  other  properties 
of  the  hexachlororthoquinopyrocatechin  ether. 

o .  1396  gram  substance  dried  at  100°  gave  o .  2851  gram  AgCl. 

Calculated  for 

C]2Cl604.  Found. 

CI  50-59  50.49 

Two  grams  of  the  tetrachlororthoquinone  after  standing  with 
100  cc.  of  water,  at  ordinary  temperatures  for  two  months,  gave 
a  white  product  which  was  not  studied. 

Derivatives    of  Hexachlororthoquinopyrocatechin  Ether, 
CeCl^O^CeCip^. 

Action  of  Methyl  Alcohol. — Two  grams  of  the  ether  were  al- 
lowed to  stand  at  ordinary  temperatures  in  a  corked  flask  with 
15  cc.  of  methyl  alcohol.  At  the  end  of  24  hours  the  red  color 
of  the  ether  began  to  fade,  and  after  seven  days  the  solid  had  be- 


174  Jackson  and  MacLaurin. 

come  pale  yellow.  After  three  crystallizations  from  equal 
parts  of  benzene  and  ligroin  it  melted  constant  at  198°,  to  a 
red  liquid. 

0.  1373  gram  substance  gave  0.2587  gram  AgCl. 

Calculated  for 
CeCUOoCeCloOCOCHsOH).  Found. 

CI  47.02  46.58 

From  this  analysis,  the  pale  yellow  color,  and  the  fact  that  it 
crystallizes  in  needles,  there  is  no  doubt  that  this  substance 
is  the  hexachlororthoquinomonohemiacetalpyrocatechin  ether, 
C6Cl402C6Cl,0(OCH30H),  described  earlier  in  this  paper. 

In  another  experiment  tried  under  similar  conditions,  except 
a  few  drops  of  water  were  added  to  the  methyl  alcohol,  the  re- 
action took  place  more  slowly,  but  after  three  months  the  fol- 
lowing products  were  obtained : 

1.  The  yellow  compound,  melting  at  198°,  mentioned  above. 

2.  Hexachlororthomethylhemiacetalpyrocatechin  ether, 
C6ClAC6Cl2(OCH30H)2,  melting  at  218°. 

3.  Choranilic  acid. 

4.  Unidentified  light  fawn-colored  needles. 

Action  of  Ethyl  Alcohol. — Three  grams  of  the  ether, 
CeCl402C6Cl203,  were  allowed  to  stand  with  20  cc.  of  ethyl 
alcohol  at  ordinary  temperatures,  for  three  months.  Three 
products  were  obtained;  (i)  an  orange  body  melting  at  210°. 

o.  1981  gram  substance  gave  o. 3769  gram  AgCl. 

Calculated  for 

C28H12CI12O10.  Found. 

CI  45.61  47.03 

This  substance  is,  therefore,  identical  with  that  formed  by  the 
action  of  ethyl  alcohol  on  tetrachlororthoquinone.  (2)  Chlor- 
anilic  acid.     (3)   Unidentified,  fawn  colored  needles. 

A  yellow  substance  melting  at  210°  also  seemed  to  be  formed 
by  the  action  of  normal  propyl  alcohol  on  tetrachlororthoqui- 
none, but  it  cannot  be  identical  with  that  just  mentioned,  be- 
cause that  is  an  ethyl  compound. 

Phenylhydrazine  reduced  tlie  red  ether  to  hexachlordihy- 
droxypyrocatechin    ether,    C6Cl402CeCl2(OII)2,    and    therefore, 
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acted  in  the  same  way  ^  as  withhexabromorthoquinopyrocatechin 
ether. 

Cambridge,  February  28,  1907. 


THE    OSMOTIC  PRESSURE    OF    CANE-SUGAR    SOLU- 
TIONS IN  THE  VICINITY  OF  5°.^ 

By  H.  N.  Morse,  J.  C.  W.  Frazer  and  P.  B.  Dunbar. 

The  considerable  deviation^  of  osmotic  from  gas  pressure  in 
the  vicinity  of  0°,  while  the  two  were  found  to  be  in  substantial 
agreement*  in  the  neighborhood  of  20°,  made  it  desirable  to 
determine  the  pressures  of  both  cane-sugar  and  glucose  solu- 
tions at  several  intermediate  temperatures,  in  order  to  ascer- 
tain just  where,  and  at  what  rate  or  rates,  the  divergences  ob- 
served at  low  temperatures  disappear.  Later  it  will,  of  course, 
be  necessary  to  determine  whether  the  agreement  between  the 
two,  which  is  observed  in  the  vicinity  of  20°,  persists  at  still 
higher  temperatures. 

The  intervals  which  have  been  selected  for  the  former  purpose 
are  5°,  10°,  and  15°.  These  temperatures  cannot  be  exactly 
maintained  on  the  scale  and  for  the  length  of  time  necessary  for 
the  measurement  of  pressure,  but  sufficiently  close  approxima- 
tions to  each  one  of  them  can  be  secured  at  some  period  of  the 
year  through  the  aid  of  the  hydrant  water. 

The  device  by  means  of  which  we  endeavor  to  maintain  the 
bath^  at  the  temperature  of  the  hydrant  water  is  as  follows  : 
A  series  of  connected,  vertically-placed,  brass  pipes,  i  inch  in 
external  diameter,  34  inches  in  length,  and  two  inches  apart,  is 
arranged  entirely  around  the  four  interior  vertical  walls  of  the 
bath.  Each  pipe  extends  from  a  point  near  the  top  of  the  air 
space  to  a  depth  of  15  inches  under  the  water  below,  except 
for  a  short  distance  in  front  of  the  window,  where  the  pipes  are 

^  Jackson  and  Shaffer:  This  Journal,  34,  466  (1905). 

^  The  work  upon  osmotic  pressure  which  is  in  progress  in  this  laboratory  is  aided 
by  grants  from  the  Carnegie  Institution.  The  earlier  papers  upon  the  subject  will  be 
found  in  This  Journal,  26,  80;  28,1;  29,  173;  32,  93,  34, 1;  36,land39;  37,324,  425 
and  558. 

3  Ibid.,  37,  425  and  558, 

*Ibid.,Z*.  1;36,  39;37,  325. 

5/6««..  36,  1. 
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shorter  and  do  not  enter  the  water.  A  second  series  of  horizon- 
tal connected  pipes — as  long  as  the  bath  and  likewise  two  inches 
apart — is  suspended  close  to  the  top  of  the  air  space.  The  sec- 
tion of  vertical  pipes  in  front  of  the  window  is  removable,  being 
connected,  by  means  of  flexible  hose  couplings,  on  the  one  hand 
to  the  remainder  of  the  vertical  system,  and  on  the  other  to  the 
horizontal  system  above.  It  can  also  be  moved  from  side  to 
side  in  the  vertical  plane,  whenever  a  pipe  obstructs  the  view 
of  a  manometer,  by  means  of  cords  which  run  through  the  end 
walls  of  the  bath.  The  water  passes  continuously,  first  through 
the  system  of  vertical  pipes,  and  then  through  that  of  the  hori- 
zontal ones  in  the  upper  part  of  the  air  space.  The  superficial 
area  of  the  portion  of  the  pipes  lying  wholly  within  the  air  space 
is  equal  to  that  of  all  the  walls  of  the  air  space,  in- 
cluding that  of  the  top,  and  the  ratio  of  the  submerged  to 
the  unsubmerged  portion  of  pipes  is  about  i  to  2.  The  water 
employed  in  regulating  the  temperature  of  the  bath  is  brought 
directly  from  the  basement  in  a  large  pipe  with  no  intervening 
outlets.  The  arrangements  by  means  of  which  the  water  in  the 
bath  is  kept  in  constant  motion,  and  by  which  the  air  above  is 
made  to  pass  continuously  through  pipes  lying  in  the  water 
have  been  described  in  a  former  paper.  ^  The  temperature  of  the 
bath  cannot  be  so  exactly  regulated  by  the  means  described 
above  as  by  the  automatic  devices  described  in  an  earlier  paper  f 
but  the  latter  are  serviceable,  of  course,  only  when  a  tempera- 
ture somewhat  above  that  of  the  surrounding  air  is  to  be  main- 
tained. The  essential  conditions  are  that  the  fluctuations  of 
temperature  in  the  bath  shall  not  be  rapid  enough  during  any 
one  experiment  to  produce  "thermometer  effects"^  in  the  cells 
and  that  any  given  series  of  measurements  shall  be  carried 
through  at  approximately  the  same  temperature.  During 
seasons  of  moderately  uniform  mean  daily  temperatures, 
as  in  winter,  a  judicious  regulation  of  the  flow  of  the  water 
through  the  pipes  suffices,  but  during  seasons  of  continuously  and 
rapidly  rising  or  falling  mean  temperatures,  as  in  portions  of 
spring  and  autumn,  a  further  expedient  is  necessary,  both  to 

1  This  Jounral,  36,  1. 

i  Ibid.,  36,  1. 

»  Ibid.,  34,  23  and  92;  36,  1. 
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avoid  thermometer  effects  and  to  secure  a  period  of  generally  uni- 
form temperatures  sufficiently  prolonged  to  enable  us  to  com- 
plete a  series  of  measurements.  At  such  times  boxes  of  ice 
are  placed  in  the  bath,  both  in  the  water  and  in  the  air  space 
above.  In  this  way,  by  carefully  regulating  the  quantities 
of  the  melting  ice  and  the  rate  of  flow  of  the  water,  it  is  possible 
to  secure  moderately  uniform  temperature  conditions  for  a  long 
time,  despite  unfavorable  weather  conditions. 

The  present  series  of  measurements  was  made  during  Feb- 
ruary, March  and  April.  The  highest  temperature  of  the  water 
in  the  bath  during  that  time  was  6°. 05,  and  the  lowest  was 
4°. 33.  The  mean  bath  temperatures  and  the  extreme  changes 
of  temperature  while  the  cells  were  in  the  bath  are  given  for 
each   experiment  in  the  following  table: 


Table  I. 

Mean  bath 

fExtreme 

Mean  bath 

Extreme 

temperatures. 

variation. 

temperatures. 

variation. 

4°. 84 

o°.8 

5°  03 

o°.5 

4° 

93 

o°.8 

6° 

05 

o°.7 

4° 

58 

o°.6 

4° 

35 

o°.3 

6° 

05 

o°.7 

4° 

55 

o°.35 

4° 

50 

o°.i5 

4° 

48 

o°.75 

4° 

50 

o°.i5 

4° 

33 

o°.i5 

4° 

48 

o°.9 

4° 

33 

o°.io 

4° 

51 

o°.7 

5° 

23 

o°.5 

4° 

34 

o°.5 

4: 

60 

o°.7 

5° 

23 

o°.5 

4° 

32 

o°.35 

The  sugar  which  was  used  in  this  series  of  measurements  was 
from  the  same  supply  as  that  which  was  employed  in  an  earlier 
one,  and  the  tests  which  were  applied,  in  order  to  ascertain  the 
degree  of  its  purity,  have  already  been  described.  ^ 

Tables  II.  to  XXL,  inclusive,  give  all  necessary  data  relating 
to  the  individual  experiments.  In  these  the  results  are  corrected 
for  loss  in  rotation  in  two  of  the  three  possible  ways  which  have 
been  discussed  in  a  former  paper,^  i.  e.,  as  they  would  stand: 
(i)  if  all  loss  in  rotation  is  ascribed  to  inversion,  and  no  account 
is  taken  of  dilution ;  (2)  if  one-half  the  total  loss  in  rotation  is 

^  This  Journal,  37,  426. 
*  Ibid.,  37,  427. 
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ascribed  to  dilution  and  inversion  is  ignored.  We  have  already 
given  our  reasons  for  believing  that  the  true  osmotic  pressures 
of  our  cane-sugar  solutions  lie  somewhere  between  these  two 
sets  of  values,  and  probably  nearer  to  the  latter  than  to  the 
former. 

In  Table  XXII.  are  given  for  each  experiment:  i,  the  up- 
ward displacement  of  the  manometer;  2,  the  loss  in  rotation 
in  degrees  and  in  percentage  of  original  rotation;  3,  the  fraction 
of  an  atmosphere  which  is  deducted  as  a  correction  from  the 
observed  pressure  when  all  loss  in  rotation  is  ascribed  to  dilu- 
tion; 4,  the  correction  which  is  added  to  the  observed  pressure 
when  one-half  the  loss  in  rotation  is  ascribed  to  dilution  and  no 
attempt  is  made  to  correct  for  inversion;  and  5,  the  sum  of  the 
two  corrections,  3  and  4. 

The  displacements  of  the  manometers  (column  3)  were  in 
all  cases  too  slight  to  affect  sensibly  the  concentration  of  the  so- 
lutions. It  is  clear  also  that  no  considerable  portion  of  the 
dilution  of  the  cell  contents  was  due  to  distortions  of  the  stoppers 
since  any  movement  whatever  in  the  material  of  the  stopper  is 
necessarily  attended  by  a  displacement  of  the  manometer. 
Equally  satisfactory  conditions  in  respect  to  the  rigidity  of  the 
stoppers  were  secured  in  the  two  preceding  series  of  measure- 
ments,^ and  it  is  believed  that  in  the  future  we  have  nothing  to 
fear  from  what  was  formerly  one  of  the  most  persistent  and 
troublesome  sources  of  error  in  measurements  of  pressure. 

The  mean  loss  in  rotation  of  the  solutions  while  in  the  cells 
(column  5)  was  1.28  per  cent  while  in  the  Series  11.^  and  III.* 
of  the  measurements  with  cane-sugar,  it  was  2 . 8  and  i .  47  per 
cent  respectively.  In  the  case  of  Series  II.,  there  were  consid- 
erable displacements  of  the  manometer,  and  no  doubt  a  portion 
of  the  relatively  large  loss  in  rotation  was  due  to  that  cause. 
In  Series  III.  on  the  other  hand,  the  displacements  were  insig- 
nificant, hence  the  reduction  of  the  mean  loss  in  rotation,  from 
1 .  47  per  cent  in  Series  III.  to  1.28  percent  (IV.) ,  is  to  be  ascribed 
to  the  improvements  in  method  and  manipulation  which  have 
been  introduced  in  the  more  recent  work.     It  may  not  be  out 

'This  Journal,  37,  457. 
«  Ibid.,  36,  39. 
»  Ibid.,  87,  457. 
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of  place  to  recall  here — as  having  a  bearing  on  the  problem  of 
the  proper  distribution  of  loss  of  rotation  between  inversion 
and  dilution — that  in  the  first  series  of  measurements  with 
glucose/  where  the  displacements  of  the  manometers  were  con- 
siderable, the  mean  loss  in  rotation  was  i  .45  percent.,  while  in 
the  second  series,^  where  there  was  very  little  displacement  of 
the  manometer,  it  amounted  to  o. 90  per  cent. 

The  corrections  for  inversion  (column  6),  which  are  to  be 
deducted  from  the  observed  pressure  if  all  loss  in  rotation  is  as- 
cribed to  that  cause,  range  from  o.oi  atmosphere  for  the  o.i 
normal  solutions  to  0.33  atmosphere  for  one  of  the  normal 
solutions.  The  corresponding  corrections  in  the  series  of 
measurements  with  cane  sugar  in  the  vicinity  of  0°  varied  from 
o.oi  to  0.56  atmxosphere. 

The  corrections  which  are  to  be  added  to  the  observed  pres- 
sures, if  one-half  the  loss  in  rotation  is  regarded  as  dilution  and 
inversion  is  neglected  (column  7),  range  from  0.00  to  0.24 
atmosphere. 

Column  8  gives  the  sums  of  the  corrections  presented  in  col- 
umns 6  and  7.  They  are  added  because  they  correct  the  ob- 
served pressures  in  opposite  directions,  and  are  designed  to  ex- 
press the  hmits  within  which  we  still  question  the  correctness 
of  our  measurements.  We  have  stated  elsewhere  that  we  regard 
the  values  in  column  7  more  nearly  correct  than  those  in  column 
6.  The  reasons  for  doing  so  are  two  in  number:  first,  the  in- 
version as  found  by  the  method  of  Fehling  is  always  much  less 
than  that  calculated  from  the  whole  loss  in  rotation;  second,  if 
half  the  loss  in  rotation  is,  as  we  beUeve,  due  to  a  dilution  of 
the  cell  contents  which  occurs  after  the  measurement  of  pres- 
sure, i.  e.,  while  the  cell  is  being  opened,  then  the  corrections 
for  inversion  in  column  6  should  all  be  diminished  by  one-half 
their  value.  This  point,  however,  may  well  remain  in  abeyance 
until  we  have  completed  the  measurements  of  the  osmotic 
pressure  of  cane-sugar  solutions  at  other  temperatures,  and  are 
prepared  to  subject  the  whole  work  to  a  critical  examination, 
with  a  view  to  determining  what  conclusions  may  with  safety 
be  deduced  from  the  results. 

1  This  Journal,  37,  324. 

2  Ibtd.,  37,  558. 
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Tables  XXIII.  to  XXVIII.  inclusive  present  the  results  in  the 
various  ways  which  appeared  to  the  authors  likely  to  facilitate 
examination  and  comparison. 

Table  XXIII.  gives,  for  each  experiment,  (i)  the  temperature 
of  the  solution  at  which  the  pressure  was  measured ;  (2)  the 
actually  observed  osmotic  pressure,  i.  e.,  the  pressure  uncorrected 
for  loss  in  rotation;  (3)  the  osmotic  pressure  corrected  by  as- 
cribing all  loss  in  rotation  to  inversion ;  (4)  the  osmotic  pressure 
corrected  by  ascribing  one-half  the  loss  in  rotation  to  dilution 
which  precedes  the  measurement,  the  other  half  being  supposed 
to  have  occurred  while  the  cell  was  being  opened  at  the  close 
of  the  experiment  and  therefore  after  the  measurement ;  (5)  the 
pressure  if  a  molecular-equivalent  quantity  of  a  gas  is  confined, 
at  the  same  temperature,  to  the  volume  of  the  solvent  in  the 
pure  state.  In  Table  XXIV.  the  same  data  are  presented  as 
mean  values  for  each  concentration. 

Tables  XXV.  and  XXVI.  give  the  molecular  osmotic  pressures 
(i.  e.,  the  observed  and  corrected  pressures,  each  divided  by  the 
weight-normal  concentration  of  the  solution),  also  the  corre- 
sponding molecular  gas  pressures  for  the  same  temperatures. 

Finally  Tables  XXVII.  and  XXVIII.  present  the  ratios  of  os- 
motic to  gas  pressure,  or  the  values  obtained  by  dividing  each 
of  the  osmotic  pressures — both  observed,  and  corrected  for  loss 
in  rotation,  by  the  corresponding  calculated  gas  pressure. 

Table  XXIX.  is  introduced  in  order  to  facilitate  a  compari- 
son of  all  the  results  which  have  been  obtained  with  cane-sugar. 
It  gives  for  each  concentration  of  solution  (i)  the  temperature; 
(2)  the  osmotic  pressure;  (3)  the  molecular  osmotic  pressure ;  (4) 
the  calculated  molecular  gas  pressure  for  the  same  temperature ; 
and  (5)  the  ratio  of  observed  osmotic  to  calculated  gas  pressure. 
A  few  explanatory  statements  will  be  added  for  each  of  the  four 
series. 

Series  I. — In  this  series  the  polariscope  was  not  used.  There 
is,  therefore,  no  means  of  knowing  how  far  the  solutions  were 
diluted  from  the  causes  which  have  been  discussed  in 
connection  with  the  later  series  of  measurements.  If  the  loss  in  ro- 
tation was  equal  to  that  in  Series  II. — the  first  one  in  which  the 
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Ta6lg  XXIV. 

— Cane  Sugar. 

Series  IV. 

Temperattu 

of 

solution. 

Osmotic  pressure. 

Calculated 

gas 
pressure 
for  same 

tem- 
perature. 

Weight- 
normal 
concen- 
tration. 

1.  Observed 

e      (imcorrected 

for  loss  in 

rotation). 

2.  If 

all  loss 
in  rotation 
is  ascribed 
to  inversion. 

3.   If  1/2 

the  loss 
in  rotation 
is  ascribed 
to  dilution. 

0.  I 

4°. 89 

2.40 

2-39 

2.41 

2.27 

0.2 

5° 

32 

4-75 

4 

73 

4-77 

4-55 

0.3 

4: 

50 

7.07 

7 

03 

7.10 

6.79 

0.4 

4° 

50 

9-43 

9 

33 

9-49 

9-05 

0.5 

4° 

79 

11.82 

II 

74 

II  .90 

11-33 

0.6 
0.7 

5° 
4° 

54 
45 

14 -43 
16.79 

14 
16 

30 
61 

14-52 
16.92 

13-63 
15-85 

0.8 

4° 

41 

19-31 

19 

10 

19-47 

18.10 

0.9 

4° 

78 

22.15 

21 

89 

22.33 

20.39 

I.O 

4° 

46 

JC    11 

24-53 

«pr1 — fVip  nrpc5 

24 

«;iirp<5 

23 

<;1iriiilf 

24-75 

22.63 

T     A     npr 

cent  on  an  average — some  more  than  that  and  some  less.  The 
pressures  given  are  those  which  were  actually  observed,  except 
a  few  of  the  higher  ones  which  have  been  slightly  corrected 
for  a  small  amount  of  inversion  which  was  found  by  the  method 
of  Fehling. 

Series  IL — In  this  series — as  in  III.  and  IV. — the  polariscope 
was  used.  The  mean  loss  in  rotation  was  2 . 8  per  cent.  The 
observed  pressures  have  been  corrected  by  ascribing  one-half 
of  this  loss  to  dilution  which  preceded  the  measurements. 
They  are,  therefore,  on  an  average  i  .4  per  cent  higher  than  the 
actually  observed  pressures.  The  displacements  of  the  manom- 
eters were  considerable,  which  renders  the  corrections  for  dilu- 
tion more  uncertain  than  they  are  thought  to  be  in  Series 
III.  and  IV.  The  pressures  in  this  series  which  are  believed  to 
be  most  in  need  of  revision  have  been  designated  by  interro- 
gation marks. 

Series  UL — ^The  displacements  of  the  manometers  in  this 
series  were  negUgible.  The  mean  loss  in  rotation  was  i .  47 
percent.  One-half  of  this  has  been  ascribed  to  dilution  which 
occurred  while  closing  the  cells.  The  recorded  pressures  are 
therefore,  on  the  average,  o .  74  per  cent  higher  than  those  which 
were  actually  observed. 
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Tadle  XX VI. — Cane-Sugar. 
Series  IV. 

Molecular  osmotic  pressure. 


Weight- 
normal 
concen- 
tration. 

1.  Observed 

Temperature      (uncorrected 

of                   for  loss  in 

solution.             rotation). 

2.  If  all  loss 

in 

rotation  is 

ascribed  to 

inversion. 

3.  If  1/2  the 

loss  in 
rotation  is 
ascribed  to 

dilution.; 

Molecular 

gas 
pressure. 

O.I 

4°. 89 

24.00 

23.89 

24.10 

22.66 

0.2 

5° 

32 

23-75 

23.62 

23-83 

22.73 

0.3 

4° 

50 

23-57 

23-43 

23.67 

22.63 

0.4 

4° 

50 

23-57 

23-34 

23-73 

22.64 

0.5 

4° 

79 

23.64 

23-47 

23.80 

22.66 

0.6 

5° 

54 

24-05 

23-83 

24.20 

22.72 

0.7 

4° 

45 

23-99 

23-73 

24.18 

22.63 

0.8 

4° 

41 

24.14 

23.87 

24-33 

22.63 

0.9 

4° 

78 

24.61 

24-33 

24.81 

22.66 

I.O 

4° 

46 

24-53 

24-23 

24-75 

22.63 

Table  XXVII.— Cane-Sugar. 

Series  IV. 

Number 
of  ex- 
periment. 

Temperature 

of 

solution. 

Ratio  of  osmotic  to  gas  pressure. 

Weight- 
normal 
concen- 
tration. 

1.  Observed 
(uncorrected 
for  loss  in 
rotation). 

2.  If 

all  loss 
in  rotation 
is  ascribed 
to  inversion. 

3.  If  1/2 

the  loss 

in  rotation 

is  ascribed 

to  dilution. 

O.I 

I 

4°.  84 

I -057 

1-053 

I  .062 

" 

2 

4° 

93 

057 

053 

062 

0.2 

I 

4° 

58 

046 

038 

053 

" 

2 

6° 

05 

044 

042 

044 

0.3 

I 

4° 

50 

046 

040 

050 

u 

2 

4° 

50 

037 

031 

041 

0.4 

I 

4° 

48 

043 

036 

048 

» 

2 

4° 

51 

040 

025 

050 

0.5 

I 

4° 

34 

042 

037 

050 

« 

2 

5° 

23 

044 

034 

051 

0.6 

I 

5° 

03 

060 

047 

068 

" 

2 

6° 

05 

058 

051 

063 

0.7 

I 

4° 

35 

056 

047 

063 

« 

2 

4° 

55 

063 

050 

073 

0.8 

I 

4° 

48 

065 

051 

074 

« 

2 

4° 

33 

069 

060 

077 

0.9 

I 

4° 

33 

084 

072 

093 

« 

2 

5° 

23 

088 

075 

097 

I  .0 

I 

4° 

60 

083 

071 

092 

a 

2 

4° 

32 

084 

070 

095 
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Series  IV. — The  displacements  of  the  manometers  were 
wholly  negligible  as  a  source  of  dilution.  The  mean  loss  in  ro- 
tation was  1 .  28  per  cent,  one-half  of  which — as  in  Series  II.  and 
III. — has  been  corrected  for  as  dilution.  Hence  the  pressures 
recorded  are,  on  the  average,  0.64  per  cent  higher  than  those 
which  were  observed. 


Table  XXVIII.—Cane-Sugar. 

Series  IV. 

Ratio  of  osmotic  to  gas  pressure. 

2.  If 

3.  If  1/2 

Weight- 

1.  Observed 

all  loss 

the  loss 

normal 

Temperature 

(uncorrected 

in  rotation 

in  rotation 

concen- 

of 

for  loss  in 

is  ascribed 

is  ascribed 

tration. 

solution. 

rotation). 

to  inversion. 

to  dUution. 

O.I 

4°.  89 

I    057 

I    053 

I  .062 

0.2 

5° 

32 

I    045 

040 

1.049 

0.3 

4° 

50 

I  .042 

036 

I  .046 

0.4 

4° 

50 

I  .042 

031 

1.049 

0.5 

4° 

79 

I    043 

036 

1.051 

0.6 

5° 

54 

I    059 

049 

1.066 

0.7 

4° 

45 

I  .060 

049 

1.068 

0.8 

4° 

41 

1.067 

056 

1.076 

0.9 

4° 

78 

1.086 

074 

I    095 

I  .0 

4° 

46 

1.084 

071 

1.094 

In  general,  the  uncertainty  regarding  the  correctness  of  the 
pressures  recorded  in  Table  XXIX.  is  believed  to  be  about 
proportional  to  the  loss  in  rotation,  though  absolutely  it  prob- 
ably does  not  exceed  one-half  of  this,  i.  e.,  i .  40  per  cent  for 
Series  II.,  0.74  percent  for  Series  III.,  and  0.64  per  cent  for 
Series  IV. 

The  measurement  of  the  pressures  of  certain  concentrations 
in  the  vicinity  of  20°  will  be  repeated,  especially  those  of  the 
o.i,  0.5,  0.6,  and  o . 7  normal  solutions. 

There  is  very  little  evidence  to  be  discovered  in  the  pressures 
here  given  of  a  temperature  coefficient  for  the  osmotic  pressure 
of  cane-sugar  solutions.  The  pressures  are  approximately  the 
same  in  the  vicinity  of  0°,  5°,  and  20°;  and  enough  has  already 
been  learned  regarding  the  pressures  at  10°  and  15  °  to  lead  us  to 
think  that  these  will  not  differ  much  from  those  already  found. 
It  is,  however,  by  no  means  necessary  to  conclude  from  the  evi- 
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dence  presented  in  Table  XXIX.  and  the  fact  that  the  pressures 
at  io°  and  15  °  are  about  the  same  as  at  0°,  5  °,  and  20°,  that  the 
law  of  Gay-Lussac  does  not  hold  for  cane-sugar  solutions ;  for  it 
is  still  possible  that  the  causes  which  produce  abnormal  pressures 
at  0°  disappear  gradually,  with  rising  temperature,  and  at  a 
rate  which  effectually  masks  the  temperature  coefficient  of  the 
osmotic  pressure.  In  view  of  the  clear  connection  which  has 
been  established  between  the  deviation  at  0°  of  osmotic  from 
gas  pressure,  and  the  deviation  of  freezing  point  depression 
from  the  calculated  value  1.85,  it  is  important  to  measure,  as 
soon  as  practicable,  the  pressures  of  solutions  which  exhibit 
normal  freezing  point  depressions.  It  is  to  be  anticipated  that 
with  such  solutions  some  more  definite  evidence  may  be  ob- 
tained regarding  the  temperature  coefficient  of  osmotic  pressure. 

We  have  learned  since  the  foregoing  was  written  that  Profes- 
sor W.  D.  Bancroft  has  felt  himself  called  upon  to  explain^ 
to  our  colleagues  that  "Quite  recently  Morse  and  Frazer  have 
shown  that  their  direct  measurements  of  osmotic  pressure  come 
out  better  when  the  concentrations  are  referred  to  a  constant 
volume  of  solvent.  They  consider  this  a  discovery  of  their  own, 
quite  overlooking  the  fact  that  they  have  simply  gone  back  to  van'i 
Hoff's  original  formulation.  Having  reached  their  conclusion 
empirically {!) ,  Morse  and  Frazer  have  also  overlooked{?)  that 
their  method  of  expressing  concentrations  contains  the  tacit  as- 
sumption that  there  is  neither  expansion  nor  contraction  when  the 
two  components  are  mixed."  We  have  employed  the  italics  in 
the  above  quotation  to  indicate  that  portion  of  it  which  appears 
to  call  for  attention  on  our  part,  and  we  have  introduced  the 
interrogation  marks  to  designate  the  particular  statements 
which  we  must  declare  unconditionally  to  be  without  foundation 
in  fact. 

The  only  one  of  the  above  three  statements  which  contains 
an  element  of  truth  is  the  first,  and  even  that  requires  extensive 
qualification  before  our  position  can  be  understood. 

Our  transfer  from  the  volume-normal  to  what  we  have  desig- 
nated as  the  "weight- normal"  system  was  in  no  dense  empirical. 
We  made  no  really  formal  measurements  of  osmotic  pressure 

1  Jour.  Phys.  Chem.,  10,  320. 
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with  volume-normal  solutions  except  in  one  instance,^  when,  in- 
stead of  duplicating  the  measurement  of  the  o .  9  weight-normal 
solution  with  that  of  another  of  equal  concentration,  we  measured 
the  pressure  of  an  0.89101  weight-normal  solution,  which  in 
concentration  is  the  equivalent  of  a  0.75  volume-normal  one. 
In  other  words,  we  began  the  measurement  of  pressure  with  weight- 
normal  solutions.  The  statement  that  we  took  this  step  "em- 
pirically," i.  e..,  without  a  clearly  defined  reason  for  it,  seems  to 
us  to  be,  on  the  face  of  it,  altogether  lacking  in  plausibility. 
However  that  may  be,  if  Professor  Bancroft  had  been  as  gen- 
uinely anxious  to  tell  the  truth  about  us  as  he  appears  to  have 
been  to  discredit  our  intelligence,  he  would  hardly  have  ventured 
the  statement  without  some  ascertained  facts  to  support  it. 

We  do  not  flatter  ourselves  that  our  colleagues  in  general 
have  taken  any  particular  interest  in  our  mental  processes, 
or  that  many  of  them  now  care  to  know  just  how  we  came  to 
conclude  that  the  weight-normal  system  is  the  correct  one  for 
the  measurement  of  osmotic  pressure.  We  have  taken  for 
granted  from  the  beginning  that  the  principal  matters  of  concern 
to  others  than  ourselves  were  the  results,  and  have  assumed 
that  those  who  were  interested  in  these  would  credit  us  with 
the  exercise  of  a  fair  amount  of  intelligence  in  the  planning  and 
management  of  the  work,  until  they  found  evidence  in  the  re- 
sults themselves  for  thinking  otherwise.  Accordingly  we  have 
endeavored  to  abstain,  as  far  as  possible,  from  publishing  any- 
thing not  strictly  pertinent  either  to  the  method  or  to  the  re- 
sults; and  we  should  have  spared  our  readers  much  that  has 
been  written  in  regard  to  the  method,  were  it  not  for  the  fact 
that  the  weight  to  be  ascribed  to  the  results  can  only  be  esti- 
mated by  the  excellence  of  the  method  which  is  employed  to 
secure  them. 

We  should  not  think  it  necessary  to  make  explanations  for  the 
purpose  of  correcting  Professor  Bancroft's  impressions  regard- 
ing our  mental  capacity,  and  we  should  not  make  them,  if  that 
were  the  only  point  to  be  gained.  But  on  two  or  three  occa- 
sions we  have  been  surprised  by  the  information — given  evi- 
dently with  the  kindly  intent  of  doing  us  a  service,  that  there 
was  really  an  important  principle  involved  in  our  change  of  base 
'  This  Journal,  34,  77. 
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from  the  volume-normal  to  the  weight-normal  standard.  It  is  this 
experience,  which  causes  us  to  think  that  a  brief  account  of 
what  we  have  done  and  why  we  did  it  may  not  be  altogether 
superfluous. 

While  engaged  in  an  endeavor  to  develop  osmotic  cells  to  a 
condition  in  which  they  would  give  uniform  results,  we  employed 
the  more  conveniently  prepared  volume-normal  solutions,  and 
we  were,  of  course,  during  that  time  much  more  concerned 
with  the  difficulties  of  cell  construction  than  with  any  of  the 
theoretical  aspects  of  osmotic  pressure.  However,  before  the 
cells  had  reached  a  state  in  which  we  considered  them  thor- 
oughly reliable,  we  were  getting,  as  had  been  expected,  pressures 
which,  according  to  the  then  generally  prevailing  views,  were 
abnormally  high.  This  situation  was  taken  seriously  into  ac- 
count as  soon  as  the  exigencies  of  the  work  required  it,  that  is, 
as  soon  as  the  cells  were  ready  for  formal  micasurements  of  pres- 
sure ;  and  with  the  result  that  we  abandoned  the  volume-normal 
and  adopted  the  weight-normal  system  for  the  solutions.  The 
change  was  made  in  pursuance  of  the  well  defined  purpose  of  as- 
certaining whether  we  might  not  by  it  effect  an  automatic  correc- 
tion for  the  volume  of  the  substance,  and  thereby  greatly  simplify 
the  work  which  had  been  undertaken.  In  other  words,  we 
began  by  attempting  to  harmonize  our  practice  with  what  we 
understood  to  be  the  principle  of  van  der  Waals  as  applied  to 
solutions.     The  result  was  stated  in  the  following  words  ".^ 

"Soon  after  beginning  the  measurement  of  the  osmotic  pres- 
sure of  cane-sugar,  under  conditions  which  gave  to  the  results 
a  considerable  degree  of  precision,  it  became  apparent  that  the 
mass  of  the  solvent  plays  a  part  which  appears  to  have  been  un- 
suspected hitherto.  We  found — or  appeared  to  discover — that 
a  gram-molecular  weight  of  the  substance,  dissolved  in  water 
and  diluted  to  a  liter  volume,  is  not  the  normal  standard  for 
osmotic  pressure.  On  the  other  hand,  when  we  dissolved  a 
gram-molecular  weight  of  cane-sugar  {342.22  grams)  in  1,000 
grams  of  water,  i.  e.,  in  that  mass  of  the  solvent  which  has 
the  unit  volume,  i  liter  at  the  temperature  of  m.aximum  density — 
we  found  its  osmotic  pressure,  at  about  20°,  in  quite  close  accord 

^  This  Journal,  34,  28. 
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^ith  the  pressure  which  a  gram-molecular  weight  of  hydrogen 
would  exert,  at  the  same  temperature,  if  its  volume  were  reduced 
to  I  liter,  i.  e. ,  to  that  volume  which  the  unit  mass  of  the  solvent  has 
at  the  temperature  of  greatest  density." 

"The  osmotic  pressures  of  solutions  ranging  in  concentration 
from  0.05  to  I  gram-molecular  weight  of  sugar,  in  1,000  grams 
of  water  have  since  been  measured  and  the  results  are  all  rea- 
sonably in  accord  with  the  hypothesis  of  van't  Hoff,  that  osmotic 
pressure  obeys  the  laws  of  gases,  provided  we  accept,  as  the  stan- 
dard for  the  solvent,  the  fixed  mass  of  1,000  grams  of  water. 
These  results,  together  with  most  of  the  data  employed  in  cal- 
culating them,  are  presented  in  the  latter  part  of  this  paper." 

The  above  passage,  taken  from  our  first  paper  on  the  osmotic 
pressure  of  cane-sugar  solutions,  contains  whatever  foundation 
there  may  be  for  the  statement:  "They  consider  this"  (namely, 
''that  their  direct  measurements  of  osmotic  pressure  come 
out  better  when  the  concentrations  are  referred  to  a  constant 
volume  of  solvent")  "a  discovery  of  their  own,  quite  overlooking 
the  fact  that  they  have  simply  gone  back  to  van't  Hoff's  orig- 
inal formulation. ' ' 

Granting  that  we  did  suppose  ourselves  to  have  discovered 
the  fact  that  "the  volume,"  as  far  as  osmotic  pressure  is  con- 
■cemed,  is  to  be  defined  as  the  volume  of  the  solvent,  and  in  no  case 
as  ihevolumeof  the  solution,  because  when  it  is  so  defined,  the  pres- 
sures of  concentrated  solutions  of  cane-sugar  conform  as  well 
to  the  rule  of  van't  Hoff  as  do  the  dilute  ones ;  the  question  arises 
whether  there  was,  under  the  circumstances,  a  reasonable 
ground  for  so  thinking.  We  did  not  then  know,  and  we  have 
not  since  learned  that  any  one  had  anticipated  us  with  a  definite 
statement  of  equivalent  significance  regarding  osmotic  pressure, 
and  it  may  be  fair  to  ask  Professor  Bancroft  whether,  in  pre- 
senting the  subject  of  osmotic  pressure  previous  to  1905,  he 
had  been  accustomed  to  define  the  standard  for  the  comparison 
of  osmotic  with  gas  pressure  as  the  volume  of  the  solvent. 

While  we  were  considering  a  change  from  the  volume-normal 
to  the  weight-normal  system  of  solutions,  because  the  latter  ap- 
peared to  contain  within  itself  the  correction  for  the  volume  of  the 
dissolved  substance,  we  made  some  effort  to  ascertain  whether 
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we  had  been  anticipated  in  this  matter.  Both  of  the  principal 
authors  of  this  paper  examined  very  carefully  the  famous  paper^ 
of  van't  Hoff,  and  neither  of  us  could  discover  that  the  author 
of  it  had  definitely  provided  a  way  for  dealing  with  what  after- 
wards came  to  be  known  as  the  ''abnormally"  high  pressures  of 
concentrated  solutions.  On  the  contrary,  he  seemed  to  us  ex- 
pressly to  limit  his  deductions  to  dilute  solutions.  At  the  conclu- 
sion of  vSection  I,  entitled  "Der  Osmotische  Druck.  Art  der 
Analogic,  welche  durch  dessen  Kinfiihrung  entsteht,"  he  says: 
(page  483)  "Von  diesem  praktischen  Vorteil  werden  wir  im  Nach- 
folgenden  Nutzen  ziehen,  speziell  zur  Erforschung  der  fiir 
'  ideale  Losungen'  giltigen  Gesetze,  fiir  Losungen  also,  die  der- 
artig  verdiinnt  sind,  dass  sie  den  idealen  Gasen  an  die  Seite  zu  stel- 
len  sind,  und  in  denen  somit  die  gegenseitige  Wirkung  der  gelosten 
Molekiile  zu  vernachldssigen  ist,  wie  auch  der  von  diesen  Mole- 
kulen  eingenommene  Raum  bei  Vergleich  mil  dem  Volum  der 
Losung  selbst."  The  succeeding  three  sections,  namely,  II., 
III.  and  IV.,  are  entitled: 

II.   "Boyle's  Gesetz  fiir  verdiinnte  Losungen." 

III.  "Gay-Lussac's  Gesetz  fiir  verdiinnte  Losungen." 

IV.  "Avogadro's  Gesetz  fiir  verdiinnte  Losungen." 

On  page 493  van't  Hofi  says:  "  Der  direckt  ermittelte  osmot- 
ische Druck  einer  Zuckerlosung  ist  also  bei  derselben  Tempera- 
tur  volkommen  der  Spannkraft  eines  Gases  gleich,  das  ebenso 
viele  Molekiile  enthdlt  als  Zuckermolekiile  im  selben  Volum 
der  Losung  vorhanden  sind."  Again,  on  page  498  we  find: 
"Noch  trefflicher  ist,  dass  der  so  allgemein  auch  fiir  Losungen 
angenommene  Guldberg  und  Waagesche  Satz  thatsachlich  als 
einfache  Schlussfolgerung  aus  den  oben  fiir  verdiinnte  Los- 
ungen aufgestellten  Gesetzen  entwickelt  werden  kann."  The 
italics  in  the  above  quotations  are  ours.  The  impressions  which 
we  received  on  reading  the  paper  of  van't  Hoff,  when  we  were 
confronted  by  the  fact  that  concentrated  volume-normal  solu- 
tions of  cane-sugar  were  giving  ''abnormally"  high  pressures 
were:  ist,  that  van't  Hoff  had  clearly  foreseen  the  difficulties 
which  would  arise  in  connection  with  the  osmotic  pressure  of 
concentrated    solutions   and   the   causes   of   them    (quotation 

^  Zeitschrift  fiir  physikalische  Chemie,  1,  479. 
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from  page  483) ;  2nd,  that,  on  this  account,  he  expressly  limited 
the  application  of  his  deductions  to  dilute  solutions,  in  which 
these  disturbing  causes  are  of  little  effect;  3rd,  that  he  nowhere 
in  the  paper  indicates  how  the  foreseen  difficulties  with  concen- 
trated solutions  are  to  be  dealt  with.  The  thought  which  oc- 
curred to  us  while  considering  the  "abnormal"  pressures  of 
our  concentrated  sugar  solutions  was,  in  essence:  "Why  not, 
for  experimental  purposes,  let  these  disturbing  causes — "gegen- 

seitige  Wirkung  der  gelosten  Molekiile , 

wie  auch  der  von  diesen  Molekiilen  eingenommene  Raum" — 
correct  for  themselves,  at  least  approximately,  by  adopting  the 
weight-normal  system  of  solutions  and  considering  the  volume 
of  the  solvent  and  not  that  of  the  solution,  as  the  standard  for 
comparing  osmotic  with  gas  pressure  ?"  The  fact  that  the  prin- 
ciple of  van  der  Waals  was  involved  in  this  change  of  base 
was  not  overlooked,  for  the  very  essence  of  the  weight-normal 
system  is  that  it  attempts  to  correct  for  the  volume  of  the  dis- 
solved substance.  Both  the  idea  and  the  practice  of  applying 
the  correction  of  van  der  Walls  to  concentrated  volume-normal 
solutions  was  at  that  time  quite  familiar  to  chemists,  and  we 
ourselves  have  employed  it  as  one  of  the  tests  of  the  approximate 
correctness  of  our  measurements,  by  calculating  the  volume- 
normal  equivalence  of  our  weight-normal  solutions  and  then  ap- 
plying the  correcting  equation. 

It  seems  pertinent  to  the  question  under  discussion  to  ask 
how  others  interpreted  the  "original  formulation  of  van't  Hoff" 
to  which  Professor  Bancroft  says  we  have  unwittingly  returned, 
the  real  point  being,  whether  van't  Hoflf  had  in  mind,  as  the  stand- 
ard for  comparing  osmotic  with  gas  pressure,  the  volume  of  the 
solvent,  or  that  of  the  solution.  Under  this  head  we  shall  quote 
Ostwald,  by  introducing  a  passage  from  our  first  paper ^  on  the 
pressure  of  cane-sugar  solutions,  and  afterwards  Nemst,  by 
borrowing   a   declaration   from   his   Theoretical   Chemistry: 

In  his  book  on  Solutions,  Ostwald  says:  ''Dissolved  sub- 
stances exert  the  same  pressure,  in  the  form  of  osmotic  pressure, 
as  they  would  exert  were  they  gasified,  at  the  same  temperature, 
without  change  of  volume."  This  statement  fairly  represents, 
^  This  Journal,  34,  93. 
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we  think,  the  view  generally  held  respecting  the  proper  magni- 
tude of  osmotic  pressure,  and  the  known  deviations  from  the  rule, 
as  given  above,  have  been  regarded  as  abnormalities,  to  be  rec- 
onciled in  some  way,  not  yet  clear,  with  the  supposed  law.  The 
results  which  we  have  obtained  in  the  measurement  of  the  os- 
motic pressure  of  cane-sugar  solutions  may  be  summarized  in 
the  following  words:  Cane-sugar,  dissolved  in  water,  exerts  an 
osmotic  pressure  equal  to  that  which  it  would  exert  if  it  were  gasi- 
fied at  the  same  temperature  and  the  volume  of  the  gas  were  re- 
duced to  4hat  of  the  solvent  in  the  pure  state.  In  other  words, 
dissolved  cane-sugar  exerts  an  osmotic  pressure  throughout 
the  larger  volume  of  the  solution,  equal  to  that  which,  as  a  gas,  it 
would  exert  if  confined  to  the  smaller  volume  of  the  pure  solvent. 
Nernst^  says:  "rf.  h.  der  osmotische  Druck  gelosten  Rohr- 
zuckers  ist  gerade  so  gross,  wie  der  Gasdruck,  den  man  beobachten 
wiirde,  wenn  man  das  Ldsungsmittel  entfernte  und  die  geloste 
Substanz  den  gleichen  Raume  bei  gleicher  Temperatur  in  Gas 
form  erfilllend  zurilckliesse." 

Can  there  be  any  doubt,  in  the  light  of  the  declarations  cited 
above,  which  volume — that  of  the  solution  or  of  the  solvent — 
Ostwald  and  Nernst  had  in  mind  as  the  standard  for  the  com- 
parison of  osmotic  with  gas  pressure ;  or  can  there  be  any  doubt 
as  to  how  these  authors  interpreted  the  "original  form.ulation 
of  van't  Hoff?"  And  is  it  a  matter  for  surprise  that  we  also 
failed  to  discover  in  van't  Hoff's  paper  all  of  that  which  is  now 
so  clear  to  Professor  Bancroft?  In  this  connection  it  would  be 
interesting  to  learn  just  when  Professor  Bancroft  first  discovered 
that  these  leaders  had  departed  from  the  true  doctrine,  as  laid 
down  by  van't  Hoff,  and  were  teaching  error;  and  just  when 
he  himself  began  to  teach  the  original  faith. 

It  is  to  be  remembered  that  the  only  direct  quantitative 
measurements  of  osmotic  pressure  which  were  on  record  when 
van't  Hoff  first  discussed  the  application  of  the  gas  laws  to 
it  were  those  of  Pfeffer,  and  that  these  were  made  with  com- 
paratively dilute  solutions,  in  which  the  difference  between  the 
volume  of  the  solution  and  that  of  the  solvent  was  of  small 
significance  as  compared  with  that  of  the  experimental  defects 

^  Theoretische  Chemie,  148  (1898). 
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of  the  method  by  which  the  measurements  were  made.  Van't 
Hoff  clearly  designates  the  causes  (see  quotation)  of  abnormality 
of  conduct  on  the  part  of  concentrated  solutions,  but  we  cannot 
see  (as  does  Professor  Bancroft)  that  he  tells  us  how  to  deal 
with  them,  so  as  to  harmonize  the  pressures  of  concentrated 
solutions  with  those  of  dilute  ones.  There  is  no  doubt  that 
van't  Hoff  would  have  dealt  effectively  with  the  problem  if 
the  experimental  material  at  hand  had  made  its  solution  urgent. 
There  was  no  such  material  at  hand  previous  to  1905,  for  it  may 
safely  be  affirmed  that  before  this  time  there  is  not  on  record  a 
single  direct  measurement  of  osmotic  pressure,  except  Pfeffer's 
which,  judged  by  sound  standards,  deserves  to  be  called  quanti- 
tative. The  conviction  which  developed  afterwards  that  con- 
centrated solutions  must  exhibit  "abnormal"  pressures  was  al- 
together of  an  inferential  character,  and  due  to  attemipts  to  esti- 
mate the  magnitude  of  the  force  by  so-called  "indirect"  methods. 

In  closing  this  part  of  our  answer  to  what  we  think  we  may 
justly  call  Professor  Bancroft's  allegations  respecting  our  mental 
capacity  and  method  of  work,  we  wish  to  say  that,  to  the  writer 
of  this  paper,  the  idea  of  using  weight-normal  solutions  in  phys- 
ical-chemical investigations  was  not  new  when  the  work  upon 
osmotic  pressure  was  begun,  that  he  had,  for  several  years  pre- 
vious to  1905,  advocated  frequently  in  laboratory  discussions 
the  use  of  such  solutions  when  practicable,  for  the  reason  that 
volume-normal  solutions  of  equi- molecular  quantities  of  different 
substances  are  obviously  not  truly  equivalent, owing  to  the  varying 
molecular  ratios  of  dissolved  substance  to  solvent.  Though  this 
idea  is  now  more  or  less  familiar  to  chemists,  they  appear  in 
their  practice  not  to  have  generally  adopted  the  obvious  remedy 
for  the  defects  of  the  volume-normal  system,  i.  e.,  the  weight- 
normal  system,  but  they  continue,  rather,  to  employ  the  former 
and  then,  in  some  cases,  to  apply  cumbersome  corrections  to  the 
results. 

The  rule  is,  however,  not  without  exceptions,  as  is  shown 
in  a  recent  paper^  by  Walden,  from  which  the  folio  wing  is  quoted : 
"Je  nachdem  wir  C  auf  die  Gewichts — oder  Volumeneinheit 
desLosungsmittelsoderderLosung  beziehen,werden  wir  alsdann 

^  Zeitschrift  fur  physikalische  Chemie,  58,  500. 
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stark  differierende  Werte  fiir  die  Losungswarme  erhalten.  Auf 
meine  Anfrage  nach  der  zutreffendsten  Bezugseinheit  in  den 
vorliegenden  Fallen  ist  mir  von  van't  Hoflf  folgender  Bescheid 
liebenswiirdigst  zu  teil  geworden:  "Seit  der  Arbeit  von  Morse 
und  Frazer,  die  nachwiesen,  dass  der  osmotische  Druck  fiir 
Zucker  vollstandig  dem  theoretischen  Wert  entspricht,  falls 
fiir  das  Volumen  dasjenige  des  lyosungs-mittels  genommen 
wird,  wiirde  ich  die  C — Werte  in  der  Isochore  beziehen  auf  looo 
ccm.  Losungsmittel."  "Infolgedessen  ist  in  den  nachstehen- 
den  Tabellen  die  Konzentration  C  durchweg  auf  looo  ccm.  des 
Lozungsmittels  bezogen  worden."  The  quotation  here  intro- 
duced may  throw  some  light  upon  the  question  as  to  what  van't 
Hoff  himself,  at  the  time  of  writing  his  paper,  regarded  as  the 
standard  for  the  comparison  of  osmotic  with  gas  pressure — 
the  volume  of  the  solution,  or  that  of  the  solvent. 

Again,  R.  J.  Caldwell  in  a  communication^  on  "The  Sucro- 
clastic  Action  of  Acids  as  Influenced  by  Salts  and  Non-Electro- 
lytes," says :  "It  is  now  obvious,  however,  that  a  fallacy  under- 
lay our  conclusion  in  so  far  as  the  action  of  acids  is  concerned 
and  that  a  like  fallacy  more  or  less  afifects,  if  it  do  not  invalidate, 
the  conclusions  of  previous  workers  in  similar  fields.  It  will 
be  clear  that  to  determine  the  influence  of  any  added  substance 
this  should  be  made  the  only  variable  at  first :  in  point  of  fact, 
a  second  variable — the  amount  of  water  present — has  also  been 
introduced.  Solutions  have  been  prepared,  as  a  rule,  by  dissolv- 
ing the  various  substances  to  produce  a  given  volume  of  solu- 
tion :  the  result  being  that  water  has  been  displaced  in  introdu- 
cing the  third  substance.  Morse  and  Frazer  appear  to  have  been 
the  first  to  call  attention  to  the  consequences  of  this  prac- 
tice  " 

"In  all  cases,  the  method  of  treatment  adopted  by  previous 
workers  has  been  influenced  in  the  first  place,  by  the  prevailing 
practice  of  dealing  with  volume-normal  solutions  in  laboratory 
work;  and  subsequently  by  the  conception  introduced  by  van't 
Hoff  that  the  state  of  the  molecules  of  a  substance  in  solution 
may  be  regarded  as  analogous  to  that  of  the  molecules  in  a  gas, 
the  fact  being  overlooked  that  as  the  concentration  is  varied  the 

I  Proceedings  of  the  Royal  Society,  Series  A,  78,  272. 
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proportion  of  water  present  is  also  varied.  No  attempt  has  been 
made  to  evaluate  the  chemical  influence  of  the  omitted  water." 

The  defect  of  the  volume-normal  system  is  well  illustrated 
by  an  example  which  we  take  from  our  own  records.  In  a  vol- 
ume-normal solution  of  cane-sugar  at  0°  the  numerical  ratio  of 
sugar  to  water  molecules  is  about  i  :  44.1,  while  in  a  volume- 
normal  solution  of  glucose,  the  ratio  at  the  same  temperature  is 
I  :  49.2.  With  respect  to  this  ratio  then,  i.  e.,  that  of  dissolved 
substance  to  solvent,  the  cane-sugar  solution  is  11.5  per  cent 
more  concentrated  than  that  of  glucose,  notwithstanding  the 
fact  that,  in  equal  volumes,  the  two  solutions  contain  the  same 
numbers  of  dissolved  molecules.  The  result  of  this  difference 
in  concentration,  stated  in  terms  of  osmotic  pressure,  is  about 
3.7  atmospheres,  the  pressure  of  a  volume-normal  solution  of  glu- 
cose at  0°  being  about  26.2  atmospheres,  and  that  of  a  volume- 
normal  solution  of  cane-sugar,  at  the  same  temperature,  about 
29.9  atmospheres.^  Again  the  changes  in  concentration  of 
volume-normal  solutions  of  the  same  substance  are  obviously 
not  at  all  proportional  to  the  varying  quantities  of  dissolved 
substance.  For  example,  while  the  numerical  ratio  of  cane- 
sugar  molecules  to  those  of  water  in  the  i .  o  volume-normal  so- 
lution is  1 144.1,  in  the  o.i  volume-normal  solution  it  is  i  :  544.1, 
instead  of  441,  as  it  would  be  if  the  one  solution  were  in  reality 
10  times  as  concentrated  as  the  other. 

Professor  Bancroft  says:  "Morse  and  Frazer  have  also  over- 
looked that  their  method  of  expressing  concentrations  contains 
the  tacit  assumption  that  there  is  neither  expansion  nor  con- 
traction when  the  two  components  are  mixed."  Here  again 
Professor  Bancroft  has  judged  our  work  exclusively  by  what  he 
did  not  know  about  it. 

Professor  Bancroft's  assertion  to  the  contrary  notwithstand- 
ing, we  did  not  overlook  the  assumption  in  question.  The  volume 
relations  of  solvent,  dissolved  substance,  and  solution  have  been 
systematically  and  carefully  investigated  from  the  time  we  began 

1  It  will  be  observed  that  the  proportion  44.1  :  49.2  ::  26.2  :  x  does  not  give  29.9  as 
the  value  of  ;>r,  but  29.23.  An  explanation  of  this  discrepancy  would  involve  a  long- 
discussion  of  certain  peculiarities  of  the  volume— states  of  cane-sugar  solutions  in  the 
vicinity  of  0°  and  also  of  the  probable  errors  of  our  experimental  work.  The 
figures  are  approximately  correct. 
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to  measure  osmotic  pressure  to  the  present.  Before  begin- 
ning the  first  series  of  measurements  of  the  pressure  of  cane- 
sugar  solutions,  we  determined  the  densities  of  all  the  concentra- 
tions of  solution  which  were  to  be  used  in  that  work,  and  as  soon 
as  the  measurements  were  finished,  we  calculated  out  the  vol- 
umes of  the  solutions  and  the  differences  between  them  and  the 
sums  of  the  separate  volumes  of  solvent  and  dissolved  substance. 
Again,  as  a  preliminary  to  the  measurement  of  the  pressure  of 
cane-sugar  and  glucose  in  the  vicinity  of  o°,  we  determined  at  o° 
the  densities  of  all  the  solutions  of  both  substances  whose  pres- 
sures were  to  be  ascertained,  and  when  the  work  of  measuring 
had  been  completed,  we  calculated  out  the  volume  relations 
mentioned  above.  Moreover,  owing  to  certain  peculiarities  of 
the  osmotic  pressure  in  the  vicinity  of  o°  and  of  the  freezing 
point  depressions  of  cane-sugar  solutions,  we  determined  the 
densities  of  these,  not  only  at  o°,  but  also  at  the  temperature 
of  minimum  volume,  and,  as  nearly  as  possible,  at  the  tempera- 
ture of  freezing.  Most  of  the  essential  data  referred  to,  i.  e., 
the  densities,  had  been  made  public^  as  early  as  July,  1906,  and 
all  of  them  had  been  gathered  before  tlie  close  of  1905. 

We  have  acted  from  the  first  in  accordance  with  the  conviction 
that  we  should  probably  find  obscure  peculiarities  of  both  osmotic 
pressure  and  of  freezing  point  depressions  attended  by  peculiar- 
ities in  the  volume-states  of  the  solutions,  and  that  we  might 
hope  to  get  light  on  the  former  by  investigating  the  latter. 

We  made  a  discovery  quite  early  in  our  work,  which  greatly  in- 
creased our  interest  in  these  very  volume  relations,  which  Professor 
Bancroft  assures  our  colleagues  we  "have  quite  overlooked." 
It  was  this — that,  taking  appearances  at  their  face  value,  the 
osmotic  pressures  of  cane-sugar  and  glucose  solutions  do  not 
obey  the  law  of  Gay-Lussac  It  is  hardly  necessary  to  state  that 
we  have  not  taken  appearances  at  their  face  value  and  rejected 
the  law  as  applied  to  osmotic  pressure.  The  experience  has  only 
served  to  make  us  more  anxious  than  before  to  subject  all  vol- 
ume relations  of  these  solutions  to  a  searching  investigation,  and 
to  corivince  us  of  the  wisdom  of  confining  our  published  state- 
ments for  the  present  to  matters  of  method,  and  to  the  actual 

*  This  Journal,  34,  30  and  95;  36,  91;  also  Dissertation  of  B.  S.  Hopkins,  June, 
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results  and  the  most  obvious  conclusions  to  be  drawn  from 
them.  A  reserve  of  this  kind  apparently  cannot  be  understood 
by  Professor  Bancroft,  and  he  has  accordingly  proceeded  to  give 
to  the  chemical  public  his  own  interpretation  of  all  those  matters 
concerning  our  work  in  respect  to  which  he  was  entirely  ignorant. 
We,  on  the  other  hand,  have  learned  enough  about  the  problem 
under  investigation  to  convince  us  that  the  less  we  speculate 
and  generalize  in  public  on  the  uncertain  basis  of  fragmentary 
results,  the  less  we  shall  have  publicly  to  recant  hereafter. 
When  we  have  finished  our  work  with  a  substance,  for  example 
cane-sugar,  we  hope  to  discuss  the  whole  subject  of  its  osmotic 
pressure  from  the  standpoint  of  the  larger  view  which  we  shall 
then  have  of  the  problem. 

For  the  information  of  those  who  have  taken  a  candid  interest 
in  the  work  which  Professor  Bancroft  has  misinterpreted  so 
greatly  to  our  discredit,  we  insert  here  two  tables  (A  and  B) 
which  were  calculated  as  a  part  of  the  work  on  the  osmotic 
pressure  of  glucose  in  the  vicinity  of  0°.  They  will  serve  as 
examples  of  the  tests  which  we  apply  to  the  observed  pressures 
in  order  to  secure  what  indirect  evidence  we  may  as  to  their 
approximate  reUability.  Neither  they  nor  the  others  Hke  them 
were  intended  for  present  publication,  but  only  for  our  private 
information  and  guidance.  We  have  not  reserved  evidence  of 
this  kind,  v/hich  we  have  had  at  command  from  the  first,  be- 
cause we  underestimated  its  probable  value,  but  because,  in 
our  judgment,  its  full  value  could  not  be  realized  until  certain 
much  discussed  defects  of  our  method  had  been  overcome. 
When  we  can  determine  osmotic  pressure  with  about  the  same 
degree  of  precision  as  we  can  now  determine  the  volumes  of 
the  solutions,  a  large  mass  of  evidence  like  that  in  the  tables — 
and  already  accumulated  for  past  measurements — will  be  brought 
out,  and  its  bearing  on  the  problem  discussed. 

Table  A  requires  but  little  explanation.  Column  2  gives 
the  volume  at  o  °  of  the  fixed  mass  of  water  employed  in  making 
the  solutions;  column  3,  the  volumes  at  0°  of  the  undissolved 
glucose,  the  sp.  gr.  at  0°  having  been  found  to  be  i .  5567 ;  colunm 
4,  the  sums  of  the  separate  volumes  of  water  and  glucose; 
column  5,  the  volumes  at  0°  of  the  solutions;  and  columns  6 
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and  7,  the  differences — expressed  in  cubic  centimeters  and  per- 
centage— between  the  observed  volumes  of  the  solutions  and 
the  sums  of  the  separate  volumes  of  solvent  and  dissolved  sub- 
stance. It  will  be  observ^ed  that  the  differences  in  columns  6  and 
7 — amounting  at  most  to  o .  54  per  cent — are  probably  smaller 
than  are  our  errors  in  determining  osmotic  pressure,  and  that 
we  should  not  have  gone  very  far  astray  if,  in  the  case  of  glu- 
cose, we  had  "overlooked  that"  our  "method  of  expressing  con- 
centrations contains  the  tacit  assumption  that  there  is  neither  ex- 
pansion nor  contraction  when  the  two  components  are  mixed." 
But  the  statement  that  we  did  overlook  the  assumption  in  ques- 
tion we  have  already  characterized  as  "m//tow/  foundation  in  fact." 
The  volume  relations  of  cane-sugar  solutions — especially  of  the 
more  concentrated  ones — in  the  vicinity  of  o°are  not  so  clear 
and  satisfactory  as  are  those  of  glucose,  hence  the  deter- 
mination, already  referred  to,  of  their  volume-states,  not  only  at 
0°,  but  also  at  the  temperature  of  minimum  volume,  and,  as 
far  as  possible,  at  that  of  freezing.  From  the  evidence  already 
in  hand,  it  seems  probable  that,  after  we  have  developed  the 
method  of  measuring  to  a  state  in  which  it  is  satisfactory  to  us, 
we  shall  find  a  clear  connection  between  certain  volume-states 
of  cane-sugar  solutions  and  the  peculiarities  of  pressure  which 
they  exhibit.  Any  attempt  to  discuss  this  matter  would  be 
premature  while  the  pressures  observed  are  possibly  erroneous 
to  the  extent  of  a  whole  percent  or  more. 

Those  who  have  read  our  papers  on  the  measurement  of  os- 
motic pressure  have  probably  observed  in  them  evidences  of 
anxiety  regarding  "sources  of  error"  in  the  method,  and  it  may 
be  taken  for  granted  that  we  have  been  accustomed  to  gather 
and  to  weigh  all  obtainable  indirect  evidence  bearing  on  the 
question  of  the  rehability  of  the  results,  i.  e.,  on  the  question 
whether  the  pressures  measured  were  approximately  the  true 
osmotic  pressures  of  the  solutions.  It  was  to  secure  evidence 
of  this  nature  that  we  determined  from  the  first  densities  and 
freezing  point  depressions,  as  well  as  pressures.  As  intimated 
above,  we  regard  the  public  discussion  of  the  evidence  gathered 
as  premature,  until  certain  well  known  sources  of  error  in  the 
method  itself  have  been  overcome,  and  until  the  work  with  a 
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substance  is  finished ;  but  under  the  circumstances  which  called 
forth  what  we  have  here  written,  a  brief  statement  may  not  be 
superfluous  of  the  lines  of  evidence  upon  which  we  have  hitherto 
reUed  to  convince  ourselves  that  we  were  obtaining  nearly  cor- 
rect pressures.     They  are : 

1.  The  fact  that  with  the  same  concentration  of  solution,, 
at  a  given  temperature,  we  get  always  the  same  pressure,  ir- 
respective of  the  cell  in  which,  or  the  time  at  which,  the  measure- 
ment is  made. 

2.  The  fact  that  equivalent  concentrations  of  cane-sugar  and 
glucose  solutions  in  the  vicinity  of  20°  give  nearly  identical 
pressures,  from  which  the  nearly  correct  molecular  weights  of  the 
two  substances  can  be  calculated. 

3.  The  fact  that  the  pressures  of  cane-sugar  and  glucose  in 
the  vicinity  of  20  °,  and  of  glucose  in  the  vicinity  of  o  °,  are  quite 
strictly  proportional  to  the  weight-normal  concentration  of  the 
solution. 

4.  The  fact  that,  while  the  pressures  of  both  sub- 
stances in  the  vicinity  of  0°  are  considerably  above  the  cal- 
culated gas  pressures,  the  deviations  of  the  former  from  the 
latter  are  closely  parallel  to  and  of  nearly  equal  value  with  the 
deviations  of  the  observed  depressions  of  the  freezing  point 
from  the  theoretical  value  i  .85. 

5.  The  fact  that  when  the  estimated  pressures  of  volume- 
normal  solutions  are  corrected  in  accordance  with  the  principle 
of  van  der  Waals,  the  results  agree  quite  closely  with  the  pres- 
sures exerted  by  weight-normal  solutions. 

This  is  shown  by  Table  B  in  which  colunm  i  gives  the  normal 
concentration,  whether  weight  or  volume;  2,  the  observed  os- 
motic pressure  of  weight-normal  solutions  of  glucose  in  the  vicin- 
ity of  0°;  3,  the  estimated  osmotic  pressures  of  volume-normal 
solutions  of  glucose  at  the  same  temperatures;  4,  the  pressures 
in  3  after  correction  according  to  van  der  Waals;  5,  the  observed 
molecular  pressure  of  weight-normal  solutions;  6,  the  molecular 
pressure  of  volume-normal  solutions,  uncorrected;  7,  the  mo- 
lecular pressure  of  volume-normal  solutions,  corrected.  The 
pressures  in  3  are  calculated  with  the  aid  of  the  ascertained  vol- 
ume of  the  glucose  in  the  weight-normal  solutions,  and  the  ob- 
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served  pressures  of  the  same,  and  they  are,  of  course,  erroneous 
to  the  same  degree  as  the  experimental  work.  Nevertheless, 
if,  in  employing  the  weight-normal  solutions,  we  are  in  fact  auto- 
matically correcting  for  the  volume  of  the  dissolved  substance, 
as  we  suppose,  then  the  values  in  column  4  should  agree  with 
those  in  2,  and  the  values  in  column  7  with  those  in  5. 

In  concluding  our  defence  against  a  criticism,  the  apparent 
animus  of  which  cannot  be  regarded  as  admirable  in  any  sense, 
we  call  attention  to  the  fact  that,  in  the  first  paper  on  the  os- 
motic pressure  of  cane-sugar  solutions,  we  pointed  out  and  em- 
phasized a  relation  existing  between  the  relative  densities  and 
the  freezing  point  depressions  of  such  solutions.  This  we  could 
do  quite  consistently  with  our  customary  attitude  of  reserve 
with  respect  to  publication  because  the  relation  in  question  had 
been  experimentally  established  by  methods  of  admitted  ac- 
curacy. The  point  which  we  wish  to  make  by  recalling  the  in- 
cident is  that  there  was  abundant  evidence  in  our  earliest  pub- 
lished work  to  convince  any  fair-minded  critic  that  we  were 
even  then  neither  overlooking  nor  ignoring  the  volume  relations 
of  the  solutions. 

Johns  Hopkins  University, 
May  15,  1907. 


THE  REACTION  OF  ORGANIC  MAGNESIUM  COM- 
POUNDS WITH  CINNAMYLIDENE  ESTERS. 

I.    REACTIONS   WITH   METHYI.   CINNAMYI.IDENE  MAI.ONATE. 
By  Marie  Reimer. 

In  beginning  the  study  of  the  action  of  Grignard's  reagent 
an  a-cyancinnamylideneacetic  acid  it  was  found  that  the  re- 
action was  much  more  complex  than  that  of  the  same  reagent 
with  a-cyancinnamic  acid.^  As  both  of  these  compounds  con- 
tain the  "  crossed  "   conjugated    system   C:CC:0,   it   seemed 

I 

C:  N 

probable  that  in  the  case  of  a-cyancinnamylidene  acid,  the  com- 
plexity of  the  reactions  was  due  to  the  effect  of  the  additional 
double  linkage  in  the  system  C:CC:CC:0,  rather  than  to 
the  presence  of  the  cyanogen  group,  although  this  is  known  to 
react  with  Grignard's  reagent.^  The  object  of  the  experi- 
ments here  described  was  to  begin  a  study  of  the  influence  of 
this  double  linkage  upon  the  reactivity  of  the  system  C :  CC :  O. 
Methyl  cinnamylidenemalonate  was  selected  as  the  first  ester  of 
this  type  to  be  studied  because  the  results  promised  to  be  of 
interest  in  connection  with  the  many  addition  reactions  of  this 
substance  that  have  been  investigated  by  others.  Thiele  and 
Meisenheinier^  were  the  first  to  study  these  reactions  in  connec- 
tion with  Thiele' s  theory  of  "partial  valences."  They  found 
that  hydrocyanic  acid  adds  to  the  ester  in  the  1,2 -position  in- 
stead of  in  the  i  ,4-position  as  they  had  anticipated. 

CgH^CH :  CHCH :  CCCOOCHg)^  +  HCN  = 

CeH.CH :  CH  CHCHCCOOCHg)^. 

i 
CN 

*  Kohler  and  Reimer:  This  Journal,  33,  333. 

2  Kohler:  Ibid.,  36,  386. 

»  Ann.  Chem.  (Liebig),  306,  247. 
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They  also  found  that  by  reduction  with  sodium  amalgam,  2 
hydrogen  atoms  were  taken  up  by  the  acid,  and  concluded  that 
the  resulting  compound  was  i  ,4-hydrocinnamylidenemalonic 
acid.  This  structure  was  later  proved  by  Riiber^  who  also 
showed  that  this  compound  slowly  undergoes  rearrangement, 
the  final  product  being  3,4-hydrocinnaniylidenemalonic    acid: 

C«H5CH:CHCH:C(COOH)2    ^-^ 

CeH5CH2CH:CHCH(COOH)2    ^^ 

CeH^CH^CH^CH :  C(COOH)2. 

The  change  of  the  deep  yellow  cinnamylidenemalonic  acid 
to  a  pure  white  substance  under  the  influence  of  the  sunlight 
has  been  proved  to  be  due  to  the  formation  of  a  tetramethylene 
compound.^  In  this  case  the  addition  takes  place  at  the  3,4- 
double  linkage : 

2CeH5CH:CHCH:C(COOH),    s-^ 

C«H,CHCHCH :  CCCOOH)^ 
i      i 
2(H00C)C :  CHCHCHCsHg. 

Kohler'  found  that  acid  sulphites  add  to  the  acid  in  the 
1,2-position  to  form  the  compound, 

CeHjCH  :  CHCH(S03K)CH(COOH)2. 

When  treated  with  i  molecule  of  bromine,  methyl  cinnamyl- 
idenemalonate  forms  a  dibromide  in  which  the  2  bromine 
atoms  are  attached  to  the  3,4-carbon  atoms,* 

CHgCHBrCHBrCH :  C{COOCY{^\. 

It  is  known^  that  the  reaction  of  aromatic  magnesium  halides 
with  a,/3-unsaturated  esters  consists  for  the  most  part  in  1,4- 
addition.  With  aliphatic  magnesium  compounds,  on  the 
other  hand,  the  reaction  generally  consists  in  replacement  of 
alkoxyl  with  alkyl  and  then  addition  in  the  1,2-position  to  the 

'  Ber.  d.  chem.  Ges.,  87,  3120. 

«  Riiber:  Ber.  d.  chem.  Ges.,  36,  2411. 

«  This  Journal,  31,  243. 

*  Hinrichsen  and  Triepel:  Ann.  Chem.  (Liebig),  336,  223. 

^  This  Journal,  33,  21,  153,  333;  86,  529. 
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ketone  thus  formed.  The  reaction  is,  however,  greatly  influ- 
enced by  the  group  in  the  a-position  to  the  carboxyl,  "  negative" 
groups  diminishing  the  tendency  toward  replacement  of  al- 
koxyl.  In  benzalnialonic  and  cf-cyancinnamic  esters,  for 
example,  where  the  very  negative  carboxyl  and  cyanogen  groups 
are  in  the  a-position,  there  is  no  replacement,  but  addition  of 
both  aromatic  and  aliphatic  halides  takes  place  in  the  1,4-po- 
sition. 

As  a  result  of  the  work  here  described  it  has  been  found  that 
with  methyl  cinnamylidenemalonate  the  reaction  with  both 
aromatic  and  aliphatic  magnesium  compounds  is  1,4-addition. 
In  the  case  of  the  aliphatic  compounds  the  yields  of  addition  prod- 
uct were  not  quantitative,  but  never  more  than  a  trace  of  any 
other  substance  could  be  isolated.  There  is,  therefore,  no  evi- 
dence in  this  case  that  the  additional  ethylene  linkage  in  any 
way  affects  the  result,  but  as  the  substance  imder  examination 
has  in  the  a-position  the  most  negative  of  all  groups,  an  investi- 
gation of  other  cinnamylidene  esters  will  be  necessary  before 
any  general  conclusions  can  be  reached.  Work  in  this  direction 
is  in  progress  in  this  laboratory. 

EXPERIMENTAIv. 

The  methyl  cinnamylidenemalonate  used  was  prepared  by  the 
method  of  Lieberman,^  as  modified  by  Thiele  and  Meisenheimer.^ 

Reaction  with  Phenylmagnesium  Bromide. 

In  the  first  experiments  a  solution  of  the  unsaturated  ester 
in  absolute  ether  was  added,  drop  by  drop,  to  an  ethereal  solu- 
tion of  phenylmagnesium  bromide  cooled  in  a  freezing  mixture. 
Each  drop  of  the  ester  produced  a  yellow  precipitate  which 
redissolved  at  once.  When  a  little  less  than  i  molecule  of  the 
ester  to  4  of  magnesium  compound  had  been  added,  the  prod- 
uct of  the  reaction  settled  as  a  thick  paste  and  the  yellow 
compound  no  longer  dissolved.  When  the  reaction  was  car- 
ried out  in  boihng  ethereal  solution  i  molecule  of  ester  to  2  of 
magnesium  compound  could  be  used.     In  boihng  benzene,  the 

'  Ber.  d.  chem.  Ges.,  28,  1439. 
2  Ann.  Chera.  (Liebig),  306,  252. 
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ester  and  magnesium  halide  reacted  in  almost  equivalent  quan- 
tities. In  later  experiments  a  large  excess  of  the  magnesium 
compound  was  used,  as  it  was  found  in  no  way  to  interfere  with 
the  result.  The  ester  was  added  to  boiling  ethereal  solution  of 
phenylmagnesium  bromide,  the  product  boiled  for  a  half  hour 
and  then  decomposed  by  pouring  on  crushed  ice.  Iced  hydro- 
chloric acid  was  added,  the  solution  extracted  several  times  with 
ether,  the  ethereal  extract  washed  and  dried  over  calcium 
chloride. 

Methyl  j^-phenyl-y-benzalethylmalonate, 
CeH5CH:CHCH(C6H5)CH(COOCH3)2.— This  ester  crystallized 
out  on  evaporation  of  the  ethereal  solution  prepared  as  described 
above.  A  small  quantity  of  dark  colored  oil  remained  after 
separation  of  the  crystals.  By  distillation  under  diminished 
pressure,  this  oil  was  separated  into  3  fractions.  The  first  and 
second  were  found  to  be  brombenzene  and  diphenyl,  respectively. 
The  third  was  an  almost  colorless  oil,  which,  on  treatment  with 
concentrated  aqueous  potassium  hydroxide,  gave  the  same  acid 
as  that  obtained  from  the  ester  which  crystallized  out  at  first. 
The  yield  of  ester  was  excellent:  20  grams  from  16  of  cinnamyl- 
idenemalonate,  instead  of  21,  calculated.  It  separates  from 
ether  in  large,  rhombic  crystals.  It  is  soluble  in  ether,  chloro- 
form, acetone,  slightly  soluble  in  ligroin  and  cold  alcohol.  It 
may  be  purified  by  crystallization  from  a  small  quantity  of  boil- 
ing alcohol,  from  which  it  separates  in  bunches  of  white  prisms. 
It  melts  at  94°. 

Analysis : 

o.  1582  gram  substance  gave  0.4279  gram  CO2  and  0.0886 
gram  Hp. 


Calculated  for 
C20H20O4. 

Found. 

c 

H 

74  07 
6.17 

73  76 
6.22 

The  ester  is  easily  hydrolyzed  in  the  cold.  Ten  grams  of 
ester  were  dissolved  in  a  considerable  quantity  of  95  per  cent 
alcohol,  and  excess  of  concentrated  aqueous  potassium  hydroxide 
added.  After  a  few  minutes  a  potassium  salt  began  to  separate 
in  very  fine,  white  branching  needles.     After  an  hour  the  liquid 
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contained  a  mass  of  these  crystals.  The  salt  was  filtered  out, 
washed  with  alcohol,  dissolved  in  a  small  quantity  of  water 
and  absolute  alcohol  added  until  crystallization  began.  After 
a  few  minutes  a  large  quantity  of  fine  white  needles  of  the 
potassium  salt  had  separated.  These  were  filtered,  washed  with 
alcohol  and  repeatedly  with  ether  and  dried  in  a  current  of  air. 

Analysis : 
I.  0.2081  gram  salt  gave  0.0921  gram  K2SO4. 

II.  0.2 1 10  gram  salt  gave  0.0943  gram  K2SO4. 


Calculated  for  Found. 

C18HJ4O4K2.H2O.  I.  II. 

20.00  19-83  20.  ( 


^-Phenyl-y-henzal-ethyl  malonic  acid, 
CfiHsCH :  CHCH(C6H5)CH(COOH)2.— From  the  aqueous  solution 
of  the  pure  potassium  salt  dilute  hydrochloric  acid  precipitates 
a  white,  pasty  mass,  which  crystallizes  at  once.  If  the  acid  is 
prepared  from  potassium  salt  which  has  not  been  carefully 
purified  it  is  precipitated  as  a  dark  colored  oil,  which  solidifies 
very  slowly  in  contact  with  the  acid  liquid. 

The  acid  is  readily  soluble  in  alcohol,  ether,  and  boiling  water, 
very  slightly  soluble  in  boiling  ligroin  and  cold  water.  From 
hot  water  it  separates  in  fine  white  needles.  It  cannot  be  puri- 
fied by  crystallization  from  water  as  it  slowly  loses  carbon  diox- 
ide. The  purest  specimen  was  obtained  by  precipitation  from 
a  solution  of  the  carefully  purified  potassium  salt.  It  was 
washed  repeatedly  with  water  and  dried  in  a  current  of  air.  It 
melts,  with  decomposition,  at  166°. 

Analysis : 

0.1584  gram  substance  gave  0.4200  gram  CO2  and  0.0835 
gram  HjO. 


C,8H„04. 

Found. 

c 

H 

72.97 

5  40 

72.31 
5.84 
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The  structure  of  this  acid  was  determined  by  oxidation.  Ten 
grams  of  acid  were  dissolved  in  dilute  sodium  carbonate  solution 
and  a  cold,  concentrated  solution  of  potassium  permanganate 
added  as  long  as  decolorization  took  place.  After  standing  12 
hours  the  excess  of  permanganate  was  decomposed  by  sulphur 
dioxide,  the  solution  filtered  and  the  filtrate  evaporated  on  the 
water  bath  to  a  volume  of  200  cc.  Hydrochloric  acid  precip- 
itated from  the  cooled  solution  a  large  quantity  of  an  acid 
which,  after  one  crystallization  from  water,  melted  sharply 
at  1 2 1  °.  It  was  pure  benzoic  acid.  After  24  hours  more  crys- 
tals of  benzoic  acid  had  separated.  The  filtrate  was  then  evap- 
orated to  small  volume  and  extracted  with  ether.  On  evapo- 
ration the  ethereal  extract  deposited  a  pale  yellow  solid.  This 
was  dried,  pulverized  and  extracted  several  times  with  chloro- 
form to  rid  it  of  the  last  traces  of  benzoic  acid.  The  residue 
melted,  with  decomposition,  at  170°-! 71°,  the  melting-point 
of  phenylcarboxysuccinic  acid.  The  acid  was  heated  to  180° 
until  there  was  no  further  evolution  of  carbon  dioxide.  The 
residue,  after  i  crystallization  from  boiling  water,  melted  at 
166°  to  167°,  the  melting  point  of  phenylsuccinnic  acid.  These 
transformations  prove  that  the  original  acid  is  /?-phenyl-y-ben- 
zalethylmalonic  acid,  the  oxidation  taking  place  according 
to  the  following  equation: 


CeH^CH :  CHCH(CeH5)CH(COOH)2  -h40     = 

C6H5COOH+C6H5CH(COOH)CH(COOH)2     ^-^ 

CO2  +  CgH^CH  (COOH)  CH2COOH. 


The  reaction  of  phenylmagnesium  bromide  with  cinnamylidene- 
malonic  ester  consists,  therefore,  in  i  ,4-addition. 

^-Phenyl-y-benzalbutyric  acid, 
CeHgCH :  CHCH(CeH5)CH,C00H.  —  )8-Phenyl  -  y  -  benzalethyl- 
malonic  acid  was  heated  to  175°  until  no  more  carbon 
dioxide  was  given  off.  The  yellowish  oil,  remaining,  solidified, 
on  cooling,  in  bunches  of  needles.  The  substance  was  crystal- 
Uzed  from  hot  50  per  cent  alcohol. 


Calculated  for 

C,7HieO,. 

Found. 

80.94 

80.76 

6.34 

6.28 

Organic  Magnesium  Compounds.  233 

The  acid  is  readily  soluble  in  ether,  chloroform,  boiling  alco- 
hol and  ligroin.  It  is  slightly  soluble  in  hot  water,  from  which 
it  separates  in  very  long,  fine  needles.  The  purest  specimen 
was  obtained  by  crystallization  from  boiling  ligroin.  The  acid 
melts  at  118°. 

Analysis : 

o .  1 846  gram  substance  gave  o .  5467  gram  CO2  and  o .  1045  gram 
H2O. 

C 
H 

On  oxidizing  the  acid  in  the  cold  a  mixture  of  benzoic  and 
phenylsuccinnic  acids  was  obtained. 

Reaction  with  Methyl  Magnesium  Iodide. 

Methyl  P-Meihyl-y-be7izalethyimalonate, 
CeH^CH:  CHCH(CH3)CH(COOCH3)2.—  The  reaction  was 
carried  out  in  boiling  ethereal  solution.  Each  drop  of  the  ester 
produced  a  brilliant  orange  colored  precipitate  which  redissolved 
at  once.  After  decomposition  with  ice  and  hydrochloric  acid, 
the  ethereal  solution  was  washed,  dried  and  the  ether  dis- 
tilled. A  heavy,  clear,  straw-colored  Hquid  remained.  As  it 
did  not  soHdify  in  a  freezing  mixture  it  was  distilled  under 
diminished  pressure.  Almost  the  whole  amount  distilled  at 
210°  (30  mm.).     The  yield  of  ester  was  76  per  cent. 

Analysis : 

0.1749  gram  oil  gave  0.4418  gram  CO2  and  0.1126  gram 
H2O. 

Calculated  for 

Ci5H]804.  Found. 

C  68 . 70  68 . 94 

H  6.87  7.14 

The  ester  could  easily  be  hydrolyzed.  The  oil  was  dissolved 
in  alcohol,  excess  of  strong  aqueous  potassium  hydroxide  added 
and  the  mixture  allowed  to  stand  about  10  hours.  No  salt  sep- 
arated from  the  solution.  The  alcohol  was  evaporated  off  on 
the  water  bath,  the  residue  dissolved  in  water  and  the  solution 
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extracted  with  ether.  From  the  aqueous  solution  hydrochloric 
acid  precipitated  an  acid  as  a  clear,  yellow  oil.  This  was  taken  up 
with  ether  and  shaken  in  a  separating  funnel  with  a  small  quan- 
tity of  concentrated  sodium  carbonate  solution.  The  hydrogen 
sodium  salt  of  the  acid  separated  at  once.  It  was  filtered  out, 
washed  repeatedly  with  ether  and  dried  in  the  air. 

The  salt  separates  in  white,  pearly  plates.  It  is  not  readily 
soluble  in  cold  water. 

Analysis : 

I.  0.1976  gram  salt  gave  0.0560  gram  Na2S04. 

II.  o .  1619  gram  salt  gave  o  .0463  gram  NajSO^. 


Calculated  for 
Ci3Hi304Na. 

I. 

Found. 

II. 

9.00 

9.18 

9.26 

Na 

/3-Methyl-y- benzole ihylmalonic  Acid, 
C6H3CH:CHCH(CH3)CH(COOH),.— The  acid  sodium  salt 
was  dissolved  in  water  and  the  acid  precipitated.  The  acid 
separates  as  a  clear  yellow  oil  which  solidifies  completely  after 
standing  several  hours.  It  is  very  readily  soluble  in  cold  ligroin 
and  only  to  a  very  small  extent  in  boiling  ligroin.  It  is  very 
readily  soluble  in  hot  water,  from  which  it  separates  as  an 
oil.  It  may  be  purified  by  suspending  it  in  a  large  quantity 
of  ligroin  and  adding  just  enough  ether  to  give  a  clear  solution. 
From  this  mixture  it  crystalHzes  in  bunches  of  extremely  small, 
soft  white  needles.  It  melts  at  i2o°-i2i°.  It  begins  to  de- 
compose at  130°  and  loses  carbon  dioxide  rapidly  at  150°. 

Analysis : 

o.  1945  gram  substance  gave  0.4773  gram  COj  and  0.1155 
gram  HjO. 


Calculated  for 

C,3Hu04. 

Found. 

66.66 

66.91 

c 

H  5  98  6.02 

As  in  the  case  of  the  phenyl  derivative  the  structure  of  this  acid 
was  determined  by  oxidation.  The  acid  was  dissolved  in  so- 
dium carbonate  solution  and  potassium  permanganate  solution 
added  as  long  as  it  was  decolorized.  The  excess  of  perman- 
ganate was  reduced  by  sulphur  dioxide  and  the  liquid,  after 
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filtration,  evaporated  to  small  volume.  Dilute  hydrochloric 
acid  precipitated  benzoic  acid,  melting  at  i20°-i2i°.  The 
filtrate  was  evaporated  to  one-half  its  volume.  On'cooling,  benzoic 
acid  again  separated.  The  filtrate  was  then  evaporated  to  very 
small  volume  and  extracted  with  ether.  On  evaporation  of  the 
ether  a  heavy  straw-colored  liquid  remained  which  solidified 
slowly  on  standing.  It  melted,  with  decomposition  at  136°- 
142°.  The  melting  point  of  pure  methylcarboxylsuccinic 
acid  is  146°.  The  acid  was  then  heated  in  a  distilling  flask  to 
about  200°.  Carbon  dioxide  was  given  off  and  a  considerable 
quantity  of  water  distilled  over.  The  bulk  of  the  substance  dis- 
tilled at  230^-240°.  This  was  an  oil  which  solidified  in  a  freez- 
ing mixture,  but  the  crystals  melted  at  room  temperature,  about 
30°.  The  oil  was  suspended  in  hot  water  and  a  small  quantity 
of  potassium  carbonate  added.  A  potassium  salt  crystallized 
out  in  long,  colorless  needles.  The  salt  was  dissolved  in  water, 
the  solution  acidified  and  extracted  with  ether.  On  evaporation 
the  ether  deposited  an  acid  in  white  shining  plates  melting  at  1 1 1  °- 
112°.  This  was  pyrotartaric  acid  which  melts  at  112°,  when  heated 
to  about  200°  gives  an  anhydride  boiling  at  247°  and  melting 
at  31.5°,  and  forms  a  difficultly  soluble  acid  potassium  salt. 
The  oxidation  of  the  acid  can,  therefore,  be  represented  by  the 
following  equation : 

CeH^CH :  CHCH(CH3)CH(COOH)2  +  40     = 

CeHjCOOH  -f  CH3CH(C00H)CH(C00H),    ^-^ 
CO,  +  H,0  -f  CH3CH.CO  V 

I  >. 

CH,.CO/ 

fi-Methyl-y-benzalhutyric  acid, 
CeH5CH:CHCH(CH3)CH,COOH.— This  acid  was  obtained 
by  heating  )8-methyl-y-benzalethylmalonic  acid  to  160°  as 
long  as  carbon  dioxide  was  given  off.  A  clear,  yellow  liquid 
was  left  which  could  not  be  made  to  solidify  in  a  freezing  mixture 
after  several  hours.  It  was  dissolved  in  sodium  carbonate, 
the  solution  extracted  with  ether  and  then  acidified.  The 
acid  separated  as  an  oil  which  solidified  in  contact  with  the 
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acid  liquid  after  standing  several  hours  in  a  freezing  mixture. 
The  oil  solidified  at  room  temperature  after  4  or  5  days. 

The  acid  is  readily  soluble  in  all  the  usual  organic  solvents. 
It  may  be  purified  by  dissolving  it  in  a  small  quantity  of  boiling 
ligroin  and  cooling  the  solution  suddenly  in  a  freezing  mixture. 
It  crystallizes  in  hard,  compact  needles  melting  at  5i°-52°. 

Analysis : 

0.1780  gram  substance  gave  0.4939  gram  COj  and  0.1322 
gram  HjO. 


Calculated  for 
Ci.HuOs. 

Found. 

c 

H 

75.78 
7.36 

75  67 
7.42 

Reaction  with  Benzalchloride. 

The  reaction  was  carried  out  as  in  the  preceding  experiments. 
As  the  ethereal  solution  containing  the  product  of  the  reaction 
had  a  strong  odor  of  dibenzyl  it  was  poured  into  water  and 
the  mixture  distilled  with  steam.  A  small  amount  of  toluene 
and  a  large  quantity  of  dibenzyl  distilled  over.  The  oil  left  sus- 
pended in  the  distilling  flask  was  taken  up  by  ether.  As  it  could 
not  be  made  to  solidify  it  was  hydrolyzed  at  once  and  the  aque- 
ous solution  acidified.  An  acid  separated  as  an  oil  which 
solidified  slowly  on  standing.  The  substance  is  readily  soluble 
in  ether,  alcohol  and  acetone,  very  sUghtly  soluble  in  boiling 
ligroin  and  in  boiling  water  from  which  it  crystallizes  in  fine, 
white  needles.  Without  purification  the  acid  was  heated  to 
180°  as  long  as  carbon  dioxide  was  given  off.  The  oil  remaining 
solidified  very  slowly.  It  separated  from  a  large  volume  of 
boiling  ligroin  in  clusters  of  small,  straw-colored  prisms.  As 
this  acid  was  not  pure  enough  for  analysis  after  8  recrystalliza- 
tions  from  ligroin,  it  was  dissolved  in  sodium  carbonate  and 
oxidized.  The  oxidation  products  were  benzoic  acid  and  an 
acid,  which,  after  3  crystallizations  from  boiling  water,  melted 
sharply  at  i6o°-i6i°,  the  melting  point  of  benzylsuccinic 
acid. 

The  formation  of  this  acid  proves  that  the  reaction  involved 
consists  of  1 ,4-addition,  the  decomposition  of  the  product 
having  taken  place  as  follows : 
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C.HbCH  :  CHCH(CH,CeH5)CH(COOH)2     s^ 

C^HjCH  :  CHCH(CH,C,H6)CH,COOH     »^ 

CeH^COOH  +  CaH6CH,CH(COOH)CH2COOH. 

Chemical  Laboratory, 

Barnard  College, 

Feb.,  1907. 


Contributions  from  the  Sheffield  Laboratory  of  Yale  University. 

CXLV.— RESEARCHES    ON  PYRIMIDINES:     THE     AC- 
TION OF  METHYL   IODIDE   ON    2-ANIUNO-6- 
OXYPYRIMIDINE,     AND     THE     SYN- 
THESIS OF  2-ANIUNOPYRIMI- 
DINE. 

[TWENTY-FIRST  PAPER.] 
By  Treat  B  .  Johnson  and  F.  W.  Heyl. 

The  writers  have  shown,  in  a  previous  paper/  that  methyl 
iodide  and  ethyl  iodide  react  with  2-ethylmercapto-6-oxy- 
pyrimidine  in  presence  of  alkali,  giving  i -methyl- 2 -ethylmer- 
capto-6-oxypyrimidine,  I.,  and  i-ethyl-2-ethylmercapto-6- 
oxypyrimidine,  II.  The  formation  of  isomeric  oxygen  deriva- 
tives, III.,  or  3-alkyl  pyrimidines,  IV.,  was  not  observed. 

C^HgN CO 

CjHgSC  CH, 

II  II 

N CH 

II. 

N CO 

II  I 

C^RgSC  CH, 

I  II 

RN CH 

IV. 

It  seemed  of  interest  to  examine  the  behavior  of  methyl 
iodide    towards    2-aniUno-6-oxypyrimidine,^    V.      This     pyr- 

»  This  Journal,  37,  628. 

»  J.  Biol.  Chem.,  1,  305  (1906). 


CH3N- 

C,H,SC 

II 
N- 

I. 

-CO 

CH, 

II 
-CH 

1 
C2H5SC 

N- 

III. 

1 
CH 

II 
-CH 
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imidine,  theoretically,  might  give  4  isomeric  monomethyl 
derivatives,  7;t2.,  2-anilino-6-methoxypyrimidine,  VII.,  i-methyl- 
2-anilino-6-oxypyrimidine,  VIII.,  2 - anilino-3-methyl - 6 - oxy- 
pyrimidine,  IX.,  and  2-methylanilino-6-oxypyrimidine,  X. 

NH— CO  NH— CO 

II  II 

CeHgNH.C  CH        or        CeH^NiC  CH. 

II  II  I  II 

N CH  NH CH 

V.  VI. 

N COCH3  CH3N CO 

II  II 

CeHgNH.C  CH       ,       CeHjNH.C  CH, 

II            II                                   I  II 

N CH  N CH 

VII.  VIII. 

N CO  NH — CO 

CH3.        I  I 


CeH^NH.C  CH,  >N.C  CH. 

I  II  Qh/     II        II 

CH3N CH  N CH 

IX.  X. 

We  find  that  2-anilino-6-oxypyrimidine,  V.,  reacts  with 
methyl  iodide,  in  the  presence  of  potassium  hydroxide,  giving 
two  monomethyl  derivatives — 2-anilino-6-methoxypyrimidine, 
VII.,  and  i-methyl-2-anilino-6-oxypyrimidine,  VIII.  The 
structure  of  these  two  pyrimidines  was  shown  in  the  following 
manner:  The  same  methoxypyrimidine  (m.  p.  119°)  was  ob- 
tained when  2-anilino-6-chlorpyrimidine  was  warmed  with 
sodium  methylate.  A  quantitative  yield  of  the  pyrimidine 
was  also  formed  when  methyl  iodide  was  allowed  to  act  on 
the  silver  salt  of  2-anilino-6-oxypyrimidine  at  ordinary  tem- 
perature. 

N CCl 

I  I 

CeHgNH.C  CH  +  CH,ONa     = 

II  II 
N CH 


Researches  on  Pyrimidines.  239 

N- C.OCH, 

C,H5NH.C  CH  -f  NaCl. 

II  II 

N CH 

The  second  isomer  was  identical  with  the  methyl  pyrimidine 
obtained  by  heating  i-methyl-2-ethylmercapto-6-oxypyrimi- 
dine,^  I.,  with  aniline  at  150°.     It  was  soluble  in  alkali  and 

CH,N CO 

C^H^SC  CH  +  CeHjNHa     = 

II  II 

N CH 

CH3N CO 

I  I 

CeHjHNC  CH  +  C^H^SH. 

II  II 
N CH 

melted  at  149°-!  50°.  The  isomeric  2-methylanilino-6-c^y- 
pyrimidine,  X.,  which  was  prepared  by  heating  2-ethylmer- 
capto-6-oxypyrimidine  with  methyl  aniline,  melted  at  187°. 

NH CO 

I  I 

C.HjSC  CH  +  CH3NH.C9H5    = 

II  II 
N CH 

NH CO 

CH,^      I  I 

>N.C  CH  +  CjHgSH. 

c,h/     II  II 

N CH 

X. 

2-Anilino-6-oxypyrimidine  reacts  in  a  smooth  manner  with 
phosphorus  oxyehloride  to  give  2-anilino-6-chlorpyrimidine., 
XI.  When  this  was  digested  with  water  and  zinc  dust  it  was 
reduced  practically  quantitatively  to  2-anilinopyrimidine, 
XII. 

'  Johnson  and  Heyl:  Loc.  cit. 
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=CC1  Nz=:CH 

CH     »^   CbHjNH.C  CH. 

II  II 

N CH 

XII. 

All  attempts  to  hydrolize  2-anilinopyrimidine,  XII.,  and 
2  -  anilino  -  6  -  oxypyrimidine  to  2-oxypyrimidine  and  uracil, 
respectively,  were  unsuccessful.  They  could  be  digested  for 
hours  with  concentrated  hydrochloric  acid  without  altera- 
tion. 2-Anilinopyrimidine  was  completely  decomposed  when 
heated  with  hydrochloric  acid  at  i68°.  On  the  other  hand, 
2-anilino-6-oxypyriniidine  was  not  changed  by  this  treat- 
ment, and  was  also  recovered  unaltered  after  heating  with  20 
per  cent  sulphuric  acid  at  230°. 

The  above  pyrimidines  might  be  expected  to  react  with 
carbon  bisulphide,  giving  2-thiopyrimidine,  XIII.,  and  2-thio- 
uracil,  XIV.,  with  formation  of  phenylisocyanate.     We  find, 

N CH  NH CO 

II  II 

CS        CH  CS        CH 

I  II  I  II 

NH CH  NH CH 

XIII.  XIV. 

on  the  other  hand,  that  they  are  extremely  stable  in  presence 
of  this  reagent,  and  were  recovered  ualtered  after  heating 
with  carbon  bisulphide  at  230°. 

We  examined,  in  the  course  of  our  work,  the  action  of  ani- 
line and  ammonia  on  2-ethylmercapto-5-ethoxy-6-oxypyr- 
imidine,^  XV.  We  find  that  this  mercaptopyrimidine  shows 
no  tendency  to  react  with  aniline  at  100°.  In  order  to  intro- 
duce the  anilino  group  it  was  necessary  to  heat  for  several 
hours  at  200°.  This  behavior  is  of  interest  since  2-ethylmer- 
capto-6-oxypyrimidine^  and  .2-ethylmercapto-5-brom-6-oxy- 
pyrimidine'  react  with  aniline  at  100°  to  give  quantitative 

»  Johnson  and  McCollura:  J.  Biol.  Chem.,  1,  437. 

*  Johnson  and  Johns:  Loc.  cti. 

*  Wheeler  and  Bristol:  This  Journal,  SS,  437. 
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X 

yields  of  the  corresponding  2-anilinopyriniidines.  2-Ethyl- 
mercapto-5-ethoxy-6-oxypyrimidine  was  also  recovered  un- 
altered after  heating  with  ammonia  at  230 ''. 

NH CO  NH CO 

11  II 

C^HsS.C  COC^H^     »-*-     CHjNH.C  COC^H^      »-^ 

II  II  II  II 

N CH  N^ CH 

XV.  XVI. 

N CCl  N— — CH 

II  II 

CbHjNHC  COCjHs        s^        C^HsNHC  COC2H5. 

II       II  II       II 

N CH  N CH 

XVII.  XVIII. 

2-Anilino-5-ethoxy-6-oxypyrimidine,  XVI.,  reacted  with 
phosphorus  oxychloride  to  give  a  good  yield  of  2-anilino-5- 
ethoxy-6-chlorpyrimidine,  XVII.  When  this  chloride  was 
heated  with  ammonia  a  quantitative  yield  of  2-anilino-5- 
ethoxy-6-aminopyrimidine  was  obtained.  2-Anilino-5-ethoxy- 
pyrimidine,  XVIII. ,  was  prepared  by  reducing  the  chlorpyr- 
imidine,  XVII.,  with  zinc  dust. 

/ 

EXPERIMENTAL. 

N C.OCH3 

2-Anilino-6-methoxypyrimidine,   CjHjHN.C  CH         . — 

11  II 

N CH 

This  pyrimidine  was  obtained  when  methyl  iodide  was  allowed 
to  act  on  the  silver  salt  of  2-anilino-6-oxypyrimidine^  at  ordi- 
nary temperature.  It  was  also  prepared  by  treating  2-anilino- 
6-chlorpyrimidine  with  sodium  methylate.  It  deposited  from 
95  per  cent  alcohol  in  transparent  prisms  that  melted  at  119°  to 
a  clear  oil.  It  was  converted  into  2-anilino-6-oxypyrimidine 
(m.  p.  231°)  when  digested  with  20  per  cent  hydrochloric 
acid.     Analysis  (Kjeldahl) : 

'  Johnson  and  Johns:  Loc.  cit. 
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Calculated  for 
CuHnON|.  Found. 

N  20.89  20.93 

i-Methyl-2-anilino-6-oxypyrimidine, 
CH3N CO 

I  I 

CjHjHN  .C  CH  .H,0  — ^Molecular  proportions  of  2-anilino- 

II  II 
N CH 

6-oxypyrimidine  (20  grams)  and  potassium  hydroxide  (6 
grams)  were  dissolved  in  95  per  cent  alcohol.  Twenty  grams 
of  methyl  iodide  were  then  added  and  the  solution  heated  on 
the  steam-bath  until  it  failed  to  give  an  alkaline  reaction 
with  turmeric.  The  solution  was  then  filtered  from  insoluble 
potassium  iodide  and  the  excess  of  alcohol  evaporated  on  the 
steam-bath.  We  obtained  a  syrup  which  deposited  a  crys- 
talline precipitate  when  treated  with  cold  water.  This  was 
separated  and  triturated  with  a  10  per  cent  sodium  hydroxide 
solution  and  the  insoluble  portion  purified  by  crystallization 
from  95  per  cent  alcohol.  It  separated  in  prismatic  crystals 
that  melted  at  1 1 9  °  to  a  clear  oil.  It  was  identified  as  2-anilino- 
6-methoxypyrimidine.  A  mixture  of  the  2  compounds  melted 
sharp  at  119°.     Analysis  (Kjeldahl): 

Calculated  for 
CnHiiONj.  Found. 

N  20 . 89  21.2 

When  the  sodium  hydroxide  filtrate  (above)  was  acidified 
with  acetic  acid  a  mixture  of  2-anilino-6-oxypyrimidine  and 
i-methyl-2-aniHno-6-oxypyrimidine  separated.  After  a  frac- 
tional crystallization  from  alcohol  and  repeated  recrystalli- 
zations  from  benzene  and  water  the  methylpyriniidine  was 
obtained  pure.  It  deposited  from  hot  water  in  slender  prisms, 
tliat  melted  at  149°-!  50°  to  a  clear  oil.  It  contained  i  mole- 
cule of  water  of  crystallization,  which  was  determined  by 
heating  at  ioo°-iio°. 

08187  gram  substance  lost  00686  gram. 


HjO 


Calculated  for 
C„H„0N,.H,0. 

Pound. 

8.21 

8.37 
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Analysis  of  anhydrous  material : 

02333  gram  substance  gave  05597  gram  CO2  and  0.1130 
gram  H^O. 

Nitrogen  determined  by  Kjeldahl  method : 


Calculated  for 

C„H„ON3. 

Found. 

c 

65 

•43 

65.67 

H 

5 

.38 

5-47 

N 

20 

.89 

20.55 

Action  of  Aniline  on  i-Methyl-2-ethylmercapto-6-oxypyr- 
imidine.^ — ^The  mercaptopyrimidine  was  recovered  unaltered 
after  heating  with  aniline  for  several  hours  at  100°.  One 
and  two-tenths  grams  of  the  mercaptopyrimidine  and  0.7 
gram  of  aniline  were  heated  for  7  hours  at  125°-!  55°.  The 
excess  of  aniline  was  then  removed  by  distillation  with  steam 
and  the  insoluble  residue  treated  with  hot  benzene.  A  crys- 
talline compound  separated  from  the  benzene  on  cooling. 
It  was  purified  by  recrystallization  from  water  and  deposited 
in  prisms  that  melted  at  149°- 150°.  When  this  derivative 
was  mixed  with  some  i-methyl-2-anilino-6-oxypyrimidine  (m. 
p.  i49°-i5o°),  the  melting  point  was  not  changed.  Analysis 
(Kjeldahl) : 

Calculated  for 
C11H11ON3.  Found. 

N  20 . 89  20 . 6 

NH — CO 
CH3.        i  I 

2  -  Methylanilino  -6-  oxypyrimidine,  '>N  .C  CH .  — 

CeH/        II  II 

N CH 

This  pyrimidine  was  prepared  by  heating  7  grams  of  2-ethylmer- 
capto-6-oxypyrimidine2  with  6  grams  of  methyl  aniline  for 
14  hours  at  100°.  It  was  soluble  in  warm  benzene  and  alcohol 
It  separated  from  hot  alcohol  in  large,  prismatic  crystals  that 
melted  at  187°  to  a  clear  oil.  The  yield  corresponded  to  about 
74  per  cent  of  the  theoretical.     Analysis  (Kjeldahl) : 

>  Johnson  and  Heyl:    Loc.  cit. 

2  Wheeler  and  Merriam:   This  Journal,  29,  478  (1903). 
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Calculated  for  Found. 

CnHiiONs.  I.  II. 

N  20.89  20.55  20.66 

N CCl. 

2-Anilino-6-chlorpyrimidine,  CgHgNH.C  CH. — The  hy- 

II  II 

N CH 

drochloride  of  this  pyrimidine  was  obtained  when  2-anilino-6- 

oxypyrimidine   was   warmed   with   an   excess   of   phosphorus 

oxychloride.     After  the  evolution   of  hydrochloric   acid  had 

ceased  the  solution  was  poured  upon  crushed  ice  to  destroy 

the    excess    of    phosphorus    oxychloride.     The    hydrochloride 

of  2-anilino-6-chlorpyriniidine  separated  as  a  thick  varnish, 

which  soon  solidified.     This  salt  was  triturated  with  a  dilute 

solution  of  sodium  hydroxide  or  ammonia  when  the  chlorpyr- 

imidine    deposited.     It    crystallized    from    alcohol    in    plates 

that  melted  at  134°  to  an  oil.     Analysis  (Kjeldahl): 


Calculated  for                                          Found. 
CioHgNsCl.                                1.                                   II. 

N                 20.43                   20.09 

20.3 

N          CH 
1             1 

2- A  nilino pyrimidine,    CeHjN  H .  C           CH  .- 

—Five  and   five- 

N CH 

tenths  grams  of  2-anilino-6-chlorpyrimidine  and  30  grams  of 
zinc  dust  were  suspended  in  400  cc  of  water  and  the  mixture 
boiled  for  25  hours.  The  solution  was  then  filtered  and  the 
residue  of  zinc  dust  extracted  twice  with  300  cc  of  boiling 
water.  The  aqueous  filtrates  were  combined  and  concentra- 
ted to  one-half  their  volume,  when  the  anilinopyrimidine 
separated,  on  cooling,  in  characteristic,  slender  prisms.  The 
yield  was  33  grams,  or  78  per  cent  of  the  theoretical.  The 
base  was  practically  insoluble  in  cold  and  difficultly  soluble 
in  hot  water.  It  crystallized  from  95  per  cent  alcohol  in  pris- 
matic crystals  that  melted  at  116°  to  a  clear  oil.  Analysis 
(Kjeldahl) : 
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Calculated  for 

C10H9N3. 

Found. 

24    56 

24.22 

N 

2-Anilinopyrimidme  could  be  boiled  with  concentrated  hy- 
drochloric acid  without  change.  One  gram  of  the  base  was 
heated  with  about  5  cc.  of  concentrated  hydrochloric  acid 
for  2  hours  at  i48°-i68°.  Under  these  conditions  it  was  de- 
composed into  tarry  products,  from  which  nothing  definite 
was  isolated.  An  attempt  was  made  to  convert  i-anilino- 
pyrimidine  into  2-thiopyrimidine  by  heating  with  carbon  bi- 
sulphide. One  gram  of  the  pyrimidine  was  heated  with  6  cc. 
of  carbon  bisulphide,  for  4  hours  at  190°-! 95°.  We  obtained  a 
clear  solution  which  deposited  beautiful,  needle-like  prisms  that 
melted  at  116°.  The  compound  gave  no  test  for  sulphur 
and  was  identified  as  unaltered  material. 

The  Hydrochloric  Acid  Salt. — This  salt  was  extremely  solu- 
ble in  water  and  alcohol.  It  had  no  definite  melting  point, 
but  decomposed  when  heated  above  125°.  Analysis  (Kjel- 
dahl) : 

Calculated  for 

C10H9N3.HCI.  Found. 

N  20.24  19-77 

The  Sulphuric  Acid  Salt. — This  salt  separated  from  20  per 
cent  sulphuric  acid  in  elongated  prisms  that  melted  at  140°- 
142°.  The  salt  dissociates  when  warmed  in  aqueous  solu- 
tions.    Analysis: 

Calculated  for 
C10H9N3.H2SO4.        (CioH9N3)2H2S04.  Found. 

N  15.5  1909  15  10 

The  Platinum  Chloride  Double  Salt. — This  salt  separated  in 
yellow  rosettes  when  a  hydrochloric  acid  solution  of  the  base 
was  treated  with  hydrogen -platinic  chloride.  The  salt  was 
slowly  decomposed  in  boiling  water  and  metallic  platinum 
deposited.     It  melted  with  decomposition  at  2i8°-22i°. 

Calculated  for 
(CioH9N3.HCl)o.PtCl4.  Found. 

Pt  25.91  26.6 
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Behavior  of  2-Anilino-6-oxypyrimidine  towards  Hydro- 
chloric and  Sulphuric  Acids. — This  pyritnidine  is  more  stable  in 
presence  of  acids  than  2-anilinopyrimidine.  It  was  recovered 
unaltered  after  heating  with  concentrated  hydrochloric  acid 
for  4  hours  at  150°-! 60°.  It  was  not  decomposed  after  heat- 
ing with  25  per  cent  sulphuric  acid  at  230°  for  2  hours. 

Behavior  of  2-Anilino-6-oxypyrimidine  towards  Carbon  Bi- 
sulphide.— ^Thcre  were  no  indications  of  any  reaction  after 
heating  2  grains  of  the  pyrirnidine  with  5  cc  of  carbon  bisul- 
phide for  5  hours,  at  i50°-i6o°.  The  mixture  was  then  heated 
for  3  hours  at  1 85  °-2 15°.  When  the  tube  was  opened  there  was 
no  pressure  and  the  ualtered  pyrirnidine  was  recovered  melt- 
ing at  229°.  In  a  third  experiment  i  gram  of  the  pyrimidine 
was  heated  with  5  cc  of  carbon  bisulphide  for  6  hours,  at 
230°.  When  the  tube  was  opened  there  was  some  pressure 
due  to  the  presence  of  hydrogen  sulpliide  and  a  crystalline 
residue  was  suspended  in  the  carbon  bisulphide.  This  was 
identified  as  the  unaltered  pyrimidine;  it  melted  at  228°- 
229°,  and  when  mixed  with  2-aniUno-6-oxypyrimidine  the 
melting  point  was  not  changed.     Analysis  (Kjeldahl) : 

Calculated  for 
C10H9ON3.  Found. 

N  22.46  22.17 

Hydrochloride  of  2-Ethylmercapto-s,6-diethoxypyrimidine, 

N=C0C,H5 

I  I 

CHgSC  COC^Hg.HCl. — This  pyrimidine  was  obtained  as 

!l  II 

N CH 

an   oil  by  treatment   of   2-ethylmercapto-5-ethoxy-6-chlorpyr- 

imidine^    with    the    calculated    quantity   of   sodium   ethylate. 

When  an  ether  solution  of  the  pyrimidine  was  saturated  with 

dry    hydrochloric    acid    gas    the    salt    deposited    in    prismatic 

crystals  that  melted  with  decomposition  at  129°-!  31°.     The 

salt  was  hydroscopic.     Analysis  (Kjeldahl) : 

Calculated  for 
CioHeOjNsS.HCl.  Found. 

N  10.58  10.55 

•  Johnson  and  McCollum:   J.  Biol.  Chem.,  1,  443  (1906). 
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Action  of  Ammonia  on  2-Methylmercapto-yethoxy-6-oxy- 
pyrimidine. — This  mercapto  pyrimidine  was  recovered  unal- 
tered after  heating  with  concentrated  alcoholic  ammonia  for 
2  hours  at  i40°-i6o°  and  again  for  15  hours   at   2io°-235°. 

2-Anilino-5-ethoxy-6-oxypyrimidine, 
NH CO 

I         ! 

CgHjH  N.C  C.OCjHg. —  2-Ethylmercapto-5-ethoxy-6-oxy- 

N CH 

pyrimidine^  was  recovered  unaltered  after  heating  with  ani- 
hne  on  the  steam-bath  for  several  hours.  Four  grams  of  the 
mercaptopyrimidine  and  2  grams  of  aniline  were  dissolved  in 
10  cc.  of  alcohol  and  heated  for  2  hours  at  i85°-2i6°.  When 
the  tube  was  examined  the  presence  of  ethyl  mercaptan  was 
apparent,  and  a  crystalline  residue  had  deposited.  This  was 
a  mixture  of  unaltered  mercaptopyrimidine  and  the  anilino 
derivative  that  melted  above  160°.  The  anilino  compound 
was  separated  from  the  mercapto  derivative  by  dissolving  in 
cold  dilute  hydrochloric  acid  and  making  alkaline  with  am- 
monia. The  anilino  derivative  deposited  in  plates  and  was 
purified  for  analysis  by  recrystalHzation  from  alcohol.  It 
melted  at  231  "-232°.  In  a  second  experiment  we  heated  10 
grams  of  the  mercaptopyrimidine  and  5.1  grams  of  aniline 
for  6  hours  at  i90°-200°  and  obtained  6.8  grams  of  crude 
anilino  compound  melting  at  2i4°-220°.  We  did  not  observe 
the  formation  of  any  2,5-dianilino-6-oxypyrimidine  under 
the  conditions  employed.     Analysis  (Kjeldahl): 

Calculated  for 
CioHiaOoNs.  Found. 

N  18.18  18.10 

2- A  nilino-yethoxy-6-chlorpyrim  idine, 
N CCl 

I  1 

CgHgHNC  COC.Hs.— Ten  and  five-tenths  grams  of  2-ani- 

II  II 
N CH 

lino-5-ethoxy-6-oxypyrimidine   were   warmed   with   30   cc.    of 

'  Johnson  and  McCollum:  Loc,  cit. 
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phosphorus  oxychloride  until  the  evolution  of  hydrochloric 
acid  ceased.  The  solution  was  then  poured  upon  crushed 
ice,  when  the  chlorpyrimidine  separated  as  a  semi-solid.  The 
chloride  was  dissolved  in  ether  and  thoroughly  dried  with 
calcium  chloride.  When  the  ether  was  evaporated  the  chlor- 
ide deposited  in  prismatic  crystals  that  were  extremely  solu- 
ble in  organic  solvents.  The  compound  crystallized  from 
alcohol  in  stout  prisms,  that  melted  at  iii°-ii2°  to  an  oil. 
Analysis  (Kjeldahl): 

Calculated  for 

C12H12ON3CI.  Found. 

N  16.82  16.55 

N CH 

I  I 

2-Anilino-yethoxypyrimjdine,  CgHgNHC  COO2H5, — One 

N CH 

gram  of  2-anilino-5-ethoxy-6-chlorpyrimidine  was  digested 
for  I  hour  with  10  grams  of  zinc  dust  and  150  cc.  of  water. 
When  the  hot  mixture  was  filtered  the  pyrimidine  deposited 
in  prismatic  crystals.  It  was  difficultly  soluble  in  water 
and  more  was  obtained  by  repeatedly  extracting  the  zinc  resi- 
due with  hot  water.  The  pyrimidine  dissolves  in  concentra- 
ted sulphuric  acid  to  give  a  yellow  solution.  It  crystallized 
from  95  per  cent  alcohol  in  short  prisms  that  melted  to  a  clear 
oil  at  130°-! 31°.     Analysis  (Kjeldahl): 

Calculated  for  Found. 

CjHiaONs.  I.  II. 

N  19.53  18.98  19.33 

2-Anilino-5-eihoxy-6-aminopynniidine, 

N=^C.NH2 

I  1 

CgHgNH.C  COC.Hj — This  pyrimidine  was  obtained  when 

II  II 
N CH 

2-aniHno-5-ethoxy-6-chlorpyrimidine  was  heated  with  alco- 
holic ammonia  at  i8o°-i88°.  When  i  gram  of  the  chloride 
was  heated  with  alcoholic  ammonia,  for  2   hours,   at   150°, 
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the  reaction  was  not  complete,  and  the  product  obtained  gave 
a  pronounced  test  for  chlorine  after  crystallization  from  alco- 
hol. The  pyrimidine  crystallized  from  95  per  cent  alcohol 
in  prisms  that  melted  at  133°-! 34°  to  a  clear  oil.  Analysis 
(Kjeldahl) : 

Calculated  for 
C,2Hi40N4.  Found. 

N  24.34  24.06 

New  Havkn,  Conn., 
June  15    1907. 


OBITUARY. 

SIR  WILLIAM  PERKIN. 

While  the  Perkin  celebration  of  last  year  is  still  fresh  in 
our  memory  comes  the  news  of  the  death  of  Sir  William.  His 
name  is  so  famiUar  to  the  world  and  the  main  events  of  his 
life  have  so  recently  been  recited  that  it  is  not  necessary  to 
present  here  an  elaborate  notice.  He  was  honored  because 
of  the  connection  between  his  work  on  mauve  and  the  develop- 
ment of  the  coal  tar  color  industries. 

His  first  patent,  which  was  in  fact  the  first  patent  ever 
granted  for  the  preparation  of  a  coal  tar  color,  was  taken  out 
in  1856,  and  in  1906,  the  fiftieth  anniversary  of  this  event 
was  celebrated. 

While  Perkin  was  eminently  successful  as  an  industrial 
chemist,  he  was  also  a  worker  in  the  field  of  pure  science. 
"Perkin's  reaction"  is  well  known  to  all  who  are  familiar  with 
organic  chemistry.  The  principal  example  is  the  reaction 
which  takes  place  between  benzoic  aldehyde,  sodium  acetate 
and  acetic  anhydride,  resulting  in  the  formation  of  cinnamic 
acid. 

Probably  his  most  valuable  contribution  to  chemistry  is 
his  masterly  investigation  "On  the  Magnetic  Rotary  Polarisa- 
tion of  Compounds  in  Relation  to  Their  Chemical  Constitution" 
(1884).     He  kept  up  work  in  this  line  until  his  death. 

Those  who  had  the  pleasure  of  meeting  him  on  the  occasion 
of  his  recent  visit  need  not  be  told  that  he  was  a  genial,  un- 
assuming man. 

While  fully  appreciating  all  that  was  being  done  for  him, 
he  did  not  take  the  matter  too  seriously.  He  was  glad  when 
it  was  all  over  and  he  could  get  back  to  his  beloved  home. 
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He  seemed  in  the  best  of  health  and  no  one  could  have  suspected 
that  it  would  so  soon  all  be  over. 

He  was  bom  in  1838  and  was  therefore  69  at  the  time  of  his 
death.  i.  r. 


REVIEWS. 

EssAis  DE  Jean  Rey,  Docteur  en  Medecin.  Edition  nouvelle  avec  Com- 
mentaire,  publiee  par  Maurice  Petit,  Pharmacien  de  premiere  classe. 
Paris:  A.  Hermann,   1907.     8vo.,  pp.  190. 

About  the  year  1770  the  French  Chemist,  Bayen,  while  en- 
gaged in  investigations  on  the  increase  in  the  weight  of  metals 
caused  by  calcination,  discovered  a  little,  old  book,  published 
in  1630,  entitled  "Essays  de  Jean  Rey,  sur  la  Recherche  de 
la  Cause  pour  laquelle  I'Estain  et  le  Plomb  augmentent  de 
poids  quand  on  les  calcine"  This  volume  was  repub- 
lished by  Bayen  in  1777-  Although  it  is  clear  that  Rey  an- 
ticipated Lavoisier  in  showing  that  the  increase  in  weight  caused 
by  calcination  is  due  to  something  taken  up  from  the  air,  Rey's 
name  is  not  often  mentioned  in  connection  with  this  impor- 
tant discovery.  In  1896  M.  Grimaux  caused  to  be  published 
a  new  impression  of  the  original  text  without  explanatory  notes. 
Now  M.  Petit  has  brought  out  a  new  edition  with  notes  and 
with  important  letters  that  passed  between  Rey  and  Mer- 
senne.  This  will  be  of  interest  to  the  student  of  the  history  of 
chemistry.  As  a  translation  of  Rey's  Essay  is  published  as 
No.  II  of  the  Alembic  Club  Reprints,  it  has  become  well  known 
to  English-speaking  chemists.  Apparently  more  and  more 
writers  in  chemistry  are  coming  to  recognize  the  value  of 
Rey's  work.  The  essential  feature  of  his  discovery  is  given 
in  this  paragraph. : 

"The  condensed  air  attaches  itself  to  the  (metallic)  calx, 
and  adheres  little  by  little  to  the  smallest  of  its  particles,  thus, 
its  weight  increases  from  the  beginning  to  the  end.  But 
when  all  is  saturated,  it  can  take  up  no  more.  Do  not  continue 
your  calcination  in  this  hope;  you  would  lose  your  labour." 

Important  as  Rey's  discovery  was,  it  was  not  sufificient  to 
overthrow  the  theory  of  phlogiston.  For  this  purpose  work 
of  the  kind  done  by  Lavoisier  was  absolutely  necessary,     i.  R- 

Physikalische  Chemie  fur  Anfanger  von  Dr.  Ch.  M.   von   Deventer. 
mit  einem  vorwort  von  Prof.  Dr.  J.  H.  van't  Hoff.      Dritte  auflage 
vesargt  von  Prof.  Dr.  Ernst  Cohen.,  Amsterdam:  S.  L.  Van    Loog;^ 
Leipsig:  Wilhelm  Englemann.      1906.     pp.   161.     Price,  M.  4. 
There  is  not  very  much  that  can  be  said  in  connection  with 

this  little  book.     As  the  title  implies,  it  is  an  elementary  dis- 
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cussion  of  the  fundamental  principles  of  physical  chemistry, 
presented  in  a  clear  and  concise  form.  The  book  is  too  ele- 
mentary and  too  brief  to  give  more  than  a  very  general  intro- 
duction to  the  subject,  but  those  who  wish  only  such  an  intro- 
duction will  probably  find  the  work  helpful.  h.  c  j. 

Elementary  Practical  Chemistry.  Part  II.  Analytical  Chemistry, 
qualitative  and  quantitative.  By  Frank  Clowes,  D.Sc,  London, 
Emeritus  Professor  of  Chemistry  in  University  College,  Nottingham  and 
J.  Bernhard  Coleman  A.R.C.Sc.  Head  of  the  Chemical  Department 
of  the  Southwestern  Polytechnic,  Chelsea.  Fifth  edition.  London: 
J.  &  A.  Churchill,  Philadelphia:  P.  Blakiston's  Son  &  Co.,  1907.  pp.  237 
Price,  $1.00  net. 

This  is  a  useful  volume  to  those  who  desire  to  acquire,  in  a 
limited  time,  some  knowledge  of  qualitative  and  quantita- 
tive analysis.  There  are  134  pages  given  to  quaUtative 
analysis,  38  pages  to  volumetric,  24  to  gravimetric  analysis, 
and  10  pages  to  inorganic  preparations.  e.  r. 

Inorganic  Chemistry  for  Schools  and  Colleges.  By  Jas.  Lewis 
Howe,  Washington  and  Lee  University.  Being  a  second  edition  of  In- 
organic Chemistry,  according  to  the  Periodic  Law  by  F.  P.  VenablE 
and  J.  L.  HowE.  pp.  422.  Easton:  The  Chemical  Publishing  Co. 
1907.     Price,  $3.00. 

The  appearance  of  the  first  edition  of  this  book  was  noticed.^ 
In  the  first  edition  the  Periodic  System  was  followed  more 
closely,  perhaps,  than  in  any  other  text-book  on  general  chem- 
istry. 

In  the  present  edition  this  plan  is  not  adhered  to  so  closely, 
and  the  result  is  an  improvement  in  the  book.  The  work  be- 
gins, like  most  others,  on  the  same  subject,  with  a  study  of 
hydrogen,  oxygen  and  water,  the  author  stating,  in  his  preface, 
that  "It  has  been  found  desirable  that  a  student  should  be 
well  grounded  in  the  general  principles  of  chemistry  before 
entering  upon  any  extended  descriptive  chemistry.  The 
latter,  then,  becomes  a  series  of  illustrations  of  the  principles, 
rather  than  an  end  in  itself." 

The  author  touches,  in  his  preface,  upon  a  fundamental 
pedagogical  principle  when  he  refers  to  repetition  as  a  neces- 
sary means  in  dealing  with  matters  of  importance.  This  is 
one  of  the  many  reasons  why  the  properly  conducted  ''Quiz" 
is  of  inestimable  value  in  teaching  any  subject,  whether  in 
an  elementary  manner  or  from  the  more  advanced  stand- 
point. 

The  author  has  introduced  a  number  of  up-to-date  tech- 
nical processes,  dealing  with  the  applications  of  chemistry. 

H.  c.  J. 

1  This  Journal,  ao,  875. 
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Smaller  Chemical  Analysis.  By  G.  L.  Newth,  F.l.C,  F.C.S.,  Dem- 
onstrator in  the  Royal  College  of  Science,  London.  London :  Longmans, 
Green  &  Co.     1906.     pp.  147.     Price,  60  cents. 

A  simple  manual  of  qualitative  analysis  with  a  brief  chapter 
on  volumetric  analysis.  The  methods  employed  are  the 
familiar  ones,  excepting  the  use  of  sodium  peroxide  as  the 
oxidizer  in  the  separation  of  chromium  from  aluminimn  and 
iron.     While  the  book  is  good,  it  requires  no  special  comments 

E.  R. 

Practical  Physical  Chemistry.  By  Alex  Findlay,  M.A.,  Ph.D.,  D.Sc.,, 
Lecturer  on  Physical  Chemistry,  University  of  Birmingham,  with  92 
figures  in  the  Text.  New  York  and  Bombay:  Longmans,  Green  &  Co.,. 
London.      1906.     pp.  282.     Price,  $1 .  20. 

The  reviewer  must  take  exception  to  a  portion  even  of  the 
preface  of  this  book.  We  find  that  "while,  however,  the  stu- 
dent of  practical  inorganic  or  organic  chemistry  has  at  his  com- 
mand an  abundant  supply  of  text-books,  both  elementary 
and  advanced,  the  student  of  practical  physical  chemistry 
has  hitherto  been  forced  to  rely,  almost  entirely,  on  the  text- 
book of  Ostwald,  or  Ostwald  and  Luther."  The  author  seems  to 
forget  that  we  have  a  very  fair  manual,  written  by  Getman,. 
which  covers  much  of  the  field  referred  to,  and  that  it  is  no 
longer  necessary  to  have  our  physical  chemical  guide  for  the 
laboratory  "made  in  Germany." 

It  is  rather  surprising  that  the  Ostwald  method  of  calibra- 
tion measuring  apparatus  should  be  recommended,  when  we 
have  so  much  better  methods  available. 

It  is  perhaps,  even  more  surprising  that  the  Nernst-Loeb 
apparatus  for  determining  transference  numbers  should  be 
given,  when  we  have  now  at  least  a  dozen  superior  pieces 
of  apparatus. 

Another  point  where  we  must  criticize  the  book  adversely 
is  in  connection  with  the  illustrations.  The  various  pieces  of 
apparatus  are  very  poorly  drawn,  and  poorly  reproduced  and  this 
detracts  greatly  from  the  appearance  of  the  book.  Further, 
the  use  of  the  word  "molar"  for  molecular  is  not  to  be  encour- 
aged in  English. 

As  to  the  merits  of  the  work,  they  are  not  few.  The  ground 
covered  is  adequate  for  laboratory  purposes,  and,  with  the 
exception  of  a  too  great  reverence  for  the  antique  in  the  choice 
of  methods  and  apparatus,  is  very  well  covered.  The  book 
will,  doubtless,  prove  useful  in  the  laboratory,  and  it  is  to  be 
hoped  that  the  minor  defects  will  be  removed  in  the  next  edi- 
tion. H.  c.  J. 
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Contribution  from  Kent  Chemical  Laboratory  of  the  University  of  Chicago. 

TWO  ISOMERIC   a,l3-BlAhKYh  HYDROXYLAMINES. 

I.   a-METHYL-yS-ETHYLHYDROXYLAMINE. 

II.    «-ETHYL-/5-METHYLHYDROXYLAMINE. 

By  Lauder  W.  Jones. 

In  a  previous  article/  I  described  the  products  obtained 
by  the  action  of  methyl  iodide,  or  of  ethyl  iodide,  upon  the 
sodium  salt  of  carbethoxyhydroxylamine  (oxyurethane) , 
HONHCOOC2H5.  With  methyl  iodide,  two  substances  were 
formed : 

(A)  (B) 

CHjONHCOOCjHg  CH,0N(CH3)C00aH, 

a-Methyl-iS-carbethoxy-  a-Methyl-j3-methyl 

hydroxy  lamine.  carbethoxyhydroxylamine. 

These  two  compounds, ^e re  separated  easily  by  the  action  of 
a  dilute  solution  of  sodium  hydroxide  upon  an  ether  solution 
containing  them;  the  former  (A),  an  acid,  was  extracted  by 

'  This  Journal,  20,  38. 
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the  alkali,  while  the  latter  (B)  had  no  acid  properties,  and  was 
left  in  the  ether.  Substance  (A)  could  be  isolated  from  the 
alkaline  solution  which  contained  its  salt,  by  means  of  dilute 
sulphuric  acid  and  ether. 

From  substance  A  by  the  action  of  concentrated  hydrochloric 
acid  at  ioo°,  a-methylhydroxylamine  hydrochloride  was 
formed,  while  substance  B,  by  similar  treatment,  gave  a- 
methyl-/?-methylhydroxylamine  hydrochloride.  When  sub- 
stance 4  was  treated  with  sodium  ethylate  and  methyl  io- 
dide it  was  converted  into  substance  B. 

These  experiments  suggested  the  possibility  of  making 
mixed  a,^-dialkylhydroxylamines  by  introducing  into  carb- 
ethoxyhydroxylamine  (oxyurethane)  two  different  alkyl  groups 
one  after  the  other.  There  is,  at  present,  only  a  single  rep- 
resentative' of  this  class  of  compounds  described  in  the  lit- 
erature, although  a  few  mixed  /?,j9-dialkylhydroxylamines  have 
been  prepared. 


The  Preparation  of  a-Methyl-ft-ethylcarhethoxyhydroxylominc, 
CH30N(C,H,)C00C,H,. 

When  a-methyl-/?-carbethoxyhydroxylamine  (A),  dissolved 
in  alcohol,  was  treated  with  the  calculated  amount  of  sodium 
ethylate,  and  the  equivalent  amount  of  ethyl  iodide  was 
added,  a  reaction  commenced  at  once,  which  was  practically 
ended  in  the  course  of  two  days.  Thus  19  grams  of  a-methyl- 
/?-carbethoxyhydroxylamine  with  sodium  ethylate  and  25 
grams  of  ethyl  iodide  gave  a  dense  deposit  of  sodium  iodide. 
This  was  removed,  and  the  alcoholic  solution  was  concen- 
trated under  diminished  pressure  until  a  small  volume  of 
liquid  was  left.  This  residue  was  mixed  with  water  and  ex- 
tracted repeatedly  with  ether.  The  slight  quantity  of  iodine 
which  colored  the  ether  was  taken  out  by  shaking  the  ether 
with  a  solution  of  sodium  thiosulphate.  To  remove  any  un- 
changed  monomethyl  derivative   (A),   the  ether  was  treated 

'  Behrend  and  Leucks:  Ann.  Chem.  (Liebig),  257,  237.  By  tlie  action  of  ethyl 
bromide  upon  a-benzylhydroxylamine,  these  authors  obtained  a  mixture  of  a-ben- 
zyl-/3-ctliyUiydroxylaminc  hydrobromide  and  a-benzyl-/3-diethylhydroxylamine  hy- 
drobromide,  from  which  a-benzyl-/3-cthylhydroxylamine  could  be  isolated. 
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several  times  with  a  dilute  solution  of  sodium  hydroxide. 
From  the  ether,  after  it  had  been  dried,  I  obtained,  by  dis- 
tillation, a  colorless,  neutral  oil  (16  grams),  with  a  peculiar, 
rather  unpleasant  odor,  a  little  like  that  of  amyl  alcohol. 
Under  atmospheric  pressure  it  distilled,  without  decompo- 
sition, at  165°- 1 66°. 

The  Action  of  Concentrated  Hydrochloric  Acid  upon  a-Meihyl- 
^-ethylcarbethoxyhydroxylamine. 

a-Methyl-IS-ethylhydroxylamine  Hydrochloride, CHfiNC^H^H^Cl' 
— The  neutral  oil  just  described  was  quite  readily  decom- 
posed by  concentrated  hydrochloric  acid.  Ten  grams  of  it 
were  heated  with  20  cc.  of  acid  in  a  sealed  tube,  at  100°, 
for  about  8  hours.  When  the  tube  was  opened,  carbon  di- 
oxide and  ethyl  chloride  escaped.  The  acid  solution  was 
evaporated  over  a  water-bath  until  the  hydrochloride  re- 
mained as  a  thick  oil.  This  solidified  in  the  course  of  a  day  to  a 
mass  of  colorless,  granular  crystals.  This  salt  was  so  ex- 
tremely deliquescent  that  it  was  difficult  to  make  any  satis- 
factory melting-point  determination;  it  was  found  to  be  ap- 
proximately 46°-47°.  Upon  mixing  an  alcoholic  solution 
of  it  with  platinic  chloride  and  ether,  the  corresponding  chlor- 
platinate  separated  as  a  granular,  orange  salt,  which  melted 
with  decomposition,  at  174°-! 75°. 

0.1205  gram  substance  gave  0.0415  gram  Pt. 

Calculated  for 
(CH30NC2H5H2)2PtCl6.  Found. 

Pt  34-79  3452 

a-M  ethyl- [i-ethylhydroxylamine,  CH.pNHC^Hs.— This  hy- 
drochloride was  treated  with  a  solution  of  sodium  hydroxide 
and  distilled  in  such  a  manner  that  the  vapor  could  be  passed 
through  a  tube  filled  with  pieces  of  solid  sodium  hydroxide, 
heated  to  100°,  and  then  condensed.  The  free  dialkylhy- 
droxylamine  was  found  to  be  a  colorless  liquid,  with  a  rather 
sweet,  basic  odor,  not  distinctly  ammoniacal.  It  dissolved  easily 
in  water  to  form  a  solution  which  had  a  strong  alkaline  reaci.ion, 
but  did  not  reduce  silver  nitrate.     The  boiling  point  was  60  °-6 1  °. 
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II. 

The   Action  of   Methyl    Iodide    upon     a-Ethyl-^-carhethoxyhy- 
droxylamine. 

a-Ethyl-^-niethylcarbethoxyhydroxylamine, 
C2H5ONCH3COOC2H3.— By  the  action  of  sodium  ethylate  and 
ethyl  iodide  upon  carbcthoxyhydroxylamine  (oxyurethane) , 
I  previously^  obtained  two  substances.  One  of  them,  the 
acid,  was  found  to  be  a-ethyl-/?-carbethoxyhydroxylamine, 
C2H5ONHCOOC2H5.  When  this  compound  reacted  with 
methyl  iodide,  in  an  alcoholic  solution  which  contained  the 
calculated  amount  of  sodium  ethylate,  considerable  heat 
was  evolved,  and  the  separation  of  sodium  iodide  commenced 
at  once.  Two  days  later  the  action  was  complete.  After 
most  of  the  alcohol  had  been  removed  by  distillation,  the  re- 
sidual liquid  was  poured  into  water  and  extracted  a  number 
of  times  with  ether.  The  ether  extract,  first  washed  several 
times  with  a  dilute  solution  of  sodium  hydroxide,  was  finally 
dried  and  distilled.  A  colorless,  neutral  oil  which  boiled  at 
i66°-i67°  was  £)btained.  This  oil,  like  its  isomer  described 
above,  possessed  a  peculiar  odor  resembUng  fusel  oil,  and  vaguely 
suggesting  that  of  an  isocyanide. 

The  Action  of   Concentrated  Hydrochloric  Acid  upon   a-Ethyl- 
^-methylcarhethoxyhydroxylamine. 

a-Ethyl-^-methylhydroxylamine  Hydrochloride,  C2H5ONCH3H2CI. 
— By  heating  8  grams  of  this  neutral  oil,  b.  p.  i66°-i67°, 
with  concentrated  hydrochloric  acid  for  several  hours,  in  a 
sealed  tube,  at  100°,  it  was  decomposed  with  the  formation 
of  carbon  dioxide,  ethyl  chloride,  and  the  hydrochloride  of  the 
dialkylhydroxylamine.  This  salt  was  easily  soluble  in  boil- 
ing chloroform,  and  could  be  precipitated  almost  completely 
from  such  a  solution  by  the  addition  of  dry  ether.  It  crys- 
talUzed  in  delicate,  fibrous  needles,  which  melted  at  74°-75°, 
and  were  not  in  the  least  deliquescent.  The  chlorplatinate 
which  separated  from  an  alcoholic  solution,  was  a  crystal- 
line, orange  powder  that  melted  at  i7o°-i7i°  with  decompo- 
sition. 

*  This  Journal,  20,  45. 


Uy^-Dialkyl  Hydroxylamines.  257 

0.2374  gram  substance  gave  0.0822  gram  Pt. 

Calculated  for 
(CoHr,ONCH3Hs)2PtCIc.  Found. 

Pt  34.79  34  62 

a-Ethyl-^-methylhydroxylamine,  C2H5ONHCH3. — The  hy- 
drochloride was  decomposed  by  heating  it  with  a  solution  of 
sodium  hydroxide;  the  vapors  were  dried  and  condensed. 
The  free  dialkylhydroxylamine  was  a  colorless  liquid  with 
an  odor  similar  to  that  of  the  isomer.  Its  boiling  point  was 
65°-65'^.5,  a  little  higher  than  that  of  the  isomeric  a-methyl-/?- 
ethylhydroxylamine. 

Several  methods  suggest  themselves  as  practical  for  the 
preparation  of  the  third  isomeric  hydroxy lamine,  /5-methyl 
^-ethylhydroxylamine,  C2H5NCH3OH.  It  might  be  formed 
by  the  careful  oxidation  of  methylethylamine  with  hydrogen 
peroxide,  according  to  the  method  employed  by  Dunstan 
and  Gouldingi  for  preparing /?,/?-dialkylhydroxylamines  from  sec- 
ondary amines.  It  might  be  obtained  more  easily  by  treating 
nitromethane  with  zinc  methyl.  The  "triethylamine  oxide" 
described  by  Be  wad  ,2  and  prepared  by  the  action  of  nitroethane 
upon  zinc  ethyl,  has  turned  out  to  be  /?-ethyl-/?-butylhy- 
droxylamine,3  CH^CHC^H^.NC^HpH. 

In  a  similar  manner  /?-methyl-/?-ethylhydroxylamine, 
CH3CH2NCH3OH,  should  result  when  nitromethane  is  acted 
upon  by  zinc  methyl.     These  methods  are  now  being  tried. 

It  will  be  of  some  interest  to  study  these  three  isomeric  alkyl 
hydroxylamines,  and  other  similar  ones  containing  various 
alkyl  groups,  with  respect  to  the  electrical  conductivities  of 
their  water  solutions.  I  intend  to  study  them  from  this 
standpoint. 


'  J.  Chem.  Soc,  75,  1010.    Mamlock  and  Wolffenstein:  Ber.  d.  chem.  Ges.,  33,  159. 
■  J.  Russ:  Phys.  Chera.  Soc,  20,    125. 
Bewad:  J.  Russ.  Phys.  Chem.  Soc,  32,  455;  Dunstan:  J.  Chem.  Soc,  79,  641. 


STUDIES  IN  CATALYSIS. 
[fourth  communication  on  catalysis.] 

By  S.  F.  Acrice  and  J.  M.  Johnson. 

Such  reactions  as  the  saponification  of  esters,  and  the 
hydrolj^sis  of  amides,  nitriles,  oximes,  cane  sugar,  etc.,  by 
water,  the  formation  of  esters  from  acids  and  alcohols,  and  the 
rearrangement  of  acetylhalogenaminobenzene  derivatives  into 
halogen  acetanilide  derivatives'  are  accelerated  by  acids.  The 
rate  of  transformation  of  the  cane  sugar,  esters  and  amides 
can  be  represented  by  the  following  equation : 

dx 

-77  =  KCsuh   X  Ch  X  Ch„o, 

in  which  K  is  the  saponification  constant,  Q,,^  the  concen- 
tration in  gram  molecules  per  liter  of  the  substance  which  is 
being  hydrolyzed,  C^  the  concentration  of  the  hydrogen  ions 
and  Cff^o  ^^e  concentration  of  the  water,  which  in  dilute 
water  solutions  is  practically  constant. 

In  the  hydrolysis  of  amides^  and  oximes  in  dilute 
water  solution  the  amide  and  oxime  and  also  the  hydro- 
gen ions  are  used  up  and  the  reaction  appears  to  be 
bimolecular.  In  the  inversion  of  cane  sugar  and  the  sapon- 
ification of  esters  in  dilute  aqueous  solutions,  however,  the 
concentrations  of  the  hydrogen  ions  and  of  the  water  are  not 
appreciably  changed  and  the  reaction  appears  to  be  mono- 
molecular. 

Chemists^  have  long  known  that  we  have  not  data  sufficient 

>  Acree  and  Hinkins:  This  Journal,  28,  370;  Dental  Cosmos,  June,  1901.  Acree 
and  Johnson:  This  Journal,  37,  410. 

«  Ostwald:  J.  prakt.  Chem.,  136,  1  (1883).  Remsen  and  Reid:  This  Journal,  21. 
284.     Reid: /6«i.,  24,  397. 

»  Ostwald:  Z.  physik.  Chem.,  34,  248.  Luther  and  Schilow:  Ibid.,  46,  777.  Weg- 
scheider:  Ibid.,Zi,  290.  Wagner:  Ibid.,  28,33.  Slator:  Ibid,  A5, 512.  Bray:  Ibid., 
54,  463.  Kaufler:  Ibid.,  55,  502.  Walton:  Ibid.,  47,  209.  Brode:  Ibid.,  37,  290. 
Schilow:  Ibid.,  42,  641.  Bredig  and  Ikeda:  Ibid.,  31,1.  Brcdig  and  Walton:  Z.  f. 
Elek.  Chem.,  9,  117.  Bredig  and  Stem: /6id.,  10,  585.  Bredig:  /ftid.,  11,  528.  Bredig 
and  Haber:  Z.  anorg.  Chem.,  17,  284.  Kastle  and  Loevenhart:  This  Journal,  24, 
491;  Ibid.,  29,397,563.  Kastle: /6id.,  27,  481.  Kastle  and  Clarke: /6id., 26, 518.  Kastle, 
Johnston  and  Elvove:  Ibid.,  31,  521.     Kastle  and  Smith:  Ibid.,  32,  376. 
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to  tell  from  the  reaction  constants  whether  in  such  reactions 
intermediate  compounds  are  formed  which  are  the  substances 
really  undergoing  transformation.  One  school  has  held  that 
in  such  catalytic  reactions  the  catalyzer  does  not  enter  into 
combination  with  any  substance  present,  but  affects  the  ve- 
locity of  the  reaction  much  as  a  change  of  solvent  does.  An- 
other school,  however,  believes  that  the  velocities  of  some 
reactions  are  increased  or  decreased  because  the  catalyzer 
enters  into  combination  with  some  substance  or  substances 
present  and  the  new  complexes  have  reactivities  different 
from  those  of  the  complexes  from  which  they  were  formed. 
The  object  of  the  present  paper  is  to  discuss  some  of  these  re- 
actions from  this  latter  point  of  view. 

In  those  reactions  discussed  in  this  communication  it  may 
be  said  that  'When  a  substance  added  to  a  solution  in  which  a 
certain  reaction  is  taking  place  causes  an  increase  or  decrease 
in  the  velocity  of  that  reaction,  without  being  itself  altered  at  the 
end  of  the  reaction,  it  does  so  because  it  unites  to  some  extent- 
with  some  compound  or  compounds  present  and  causes  an  in- 
crease or  decrease  in  the  concentration  of  some  substance  taking 
part  in  the  reaction,  or  because  it  forms  some  new  substance 
{or  substances)  which  yields  the  same  end-products  more  or  less 
readily  than  did  the  substances  in  the  original  solution.  Of 
course,  the  solution  conditions,  stich  as  volume,  so.vent,  tem- 
perature, etc.,  must  not  be  changed." 

ON    THE    REACTIONS    BETWEEN    THIOURAZOIyES    AND    ALKYI, 
HAUDES. 

Phenylthiourazole^  and  phcnylurazole,  and  their  salts  react 
with  alkyl  halides  and  form  esters.  In  a  solution  of  an  alkyl 
halide  and  phenylthiourazole  there  are  present  both  molecular 
and  ionized  phenylthiourazole,  and  the  velocity  of  the  re- 
action might  be  proportional  to  the  concentration  of  the  urazole 
ions,  or  to  that  of  the  urazole  molecules,  or  to  both  alike. 

The  reaction  velocity  would  then  be  expressed  by  the  equa- 
tions : 

»  Acree:  This  Journal,  27,118;  31, 185;  32,606;  37,  71,361;  38,  1.  Ber.d.chem. 
Ges.,  35,  553;  36,  3139;  37,  184,  618. 
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dx 

,.    =  I^Curton    X    Calky! haliJey  (0 

dx  h 

—77  =  KCtirniol  salt   X    C alkyl  halide,  (2)        |. 


.,    =  KCnr    X    C  alkyl  halide,  (s) 

depending  upon  whether  the  urazole  ions,  molecules,  or  both 
alike,  react  with  the  alkyl  halide. 
The  salts  are  partly  hydrolyzed, 

UrNa  +  H2O     JJ     NaOH  +  UrH  (4) 

and  in  a  solution  of  a  thiourazole  salt  and  an  alkyl  halide  the 
alkyl  halide  may  react  with  the  urazole  ions,  the  molecular 
urazole  salt  or  the  free  thiourazole  formed  from  the  salt  by 
hydrolysis.     The  equations  expressing  these  reactions  a  e 

dx 

~r  =  KCurmol  salt    X    C alkyl  halide,  (s) 

dx 

~T.    ^^  KCurlon    X    C alykl  halide,  (6) 

dx 

—77  =  KCnrsalt   X    Qalkyl  halide,  (?) 

dx 

,,    =  KCuracld    X    C alkyl  halide,  (8) 

in  which,  as  above,  Q/^^//(a/M^  represents  the  concentration 
in  gram  molecules  per  liter  of  the  alkyl  halide  present  at  any 
moment,  Cj^,f„„  the  concentration  of  the  urazole  ions,  C^,^^;^^;^ 
the  concentration  of  the  undissociated  urazole  salt,  and 
^uracid  ^^^^  Concentration  of  the  undissociated  acid,  and  C^^. 
the  total  concentration  of  the  urazole. 

In  order  to  decide  between  these  possibilities  it  is  evidently 
necessary  to  know  the  relative  amounts  of  urazole  ions  and 
molecules  and  the  actual  velocity  of  the  reaction.  In  the 
reaction  between  the  phenyl  thiourazole  and  the  alkyl  halide 
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there  was  found  a  gradual  decrease  in  the  value  of  the  constant 
obtained  by  substituting  the  necessary  data  in  the  equation 

for  the   reaction  of  the   second  order  -rn ^  =  AK    and 

^(A  —  x) 

these  constants  were  lowered  very  considerably  by  the  addition 
of  hydrochloric  acid.  It  is  evident  that  the  halogen  acid 
liberated  in  the  reaction, 

UrH  +  C2H5I     s-^     UrCjH,  +  HI, 

suppresses  the  ionization  of  the  phenylthiourazole.  Since  the 
velocity  constant  of  the  reaction  is  also  lowered,  it  would  be 
suspected  at  once  either  that  (i)  the  urazole  ions  are  the  prod- 
uct chiefly  concerned  in  the  reaction  with  the  alkyl  halide 
or  (2)  that  the  halogen  acid  reacts  in  some  way  with  some  of 
the  substances  present  and  lowers  the  reaction  velocity  because 
the  product  formed  by  the  halogen  acid  and  the  other  substance 
can  not  react  so  readily  with  the  alkyl  halide. 

Since  the  addition  of  an  alkali  to  the  solution  of  the  phenyl- 
thiourazole and  the  alkyl  halide  greatly  increases  the  velocity 
of  the  reaction,  and  since  the  salts  of  such  weak  acids  are 
more  highly  ionized  than  the  acids  themselves,  it  would  be 
suspected  at  once  that  the  urazole  ions  are  the  substances 
which  are  chiefly  concerned  in  the  reaction  with  the  alkyl  halide. 
But  such  a  conclusion  would  be  justified  only  in  the  case  that 
absolute  agreement  is  found  between  the  velocity  constants 
and  the  concentration  of  the  ions.  It  may  be  stated  once 
for  all  that  such  agreement  has  been  found  experimentally. 
The  urazole  ions  react  with  the  alkyl  halides  entirely  in  ac- 
cordance with  the  demands  of  the  above  equations.  If  the 
other  urazole  groups  are  concerned  in  the  reaction  it  is  only 
to  a  minor  extent.  Messrs.  Brunei,  Johnson  and  Shadinger 
have  found  that  various  salts  of  the  urazoles  react  with  the 
alkyl  halides  entirely  in  accordance  with  what  is  known  con- 
cerning the  ionization,  hydration,  and  ionic  velocities  of  the 
salts  in  such  solutions. 

The  velocity  constant  of  the  reaction  and  the  ionization  of 
the  urazole  are  both  suppressed  by  the  addition  of  other  sub- 
stances having  an  ion  in  common  with  the  urazole,  whether 
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the  urazole  be  in  the  form  of  the  free  acid  or  a  salt.  It  has 
been  found  in  general  that  alkyl  halides  react  with  the  anions 
of  hydroxides,  carbonates,  thiourazoles,  urazoles,  thioacetic  acid 
and  other  substances.  It  should  be  stated  that  it  has  been 
definitely  proved  that  our  results  are  not  in  harmony  with 
the  hypotheses  that  the  alkyl  halides  form  alkyl  derivatives 
(i)  through  intermediate  dissociation  into  alkyl  and  halide 
ions,  as  Lobry  de  Bruyn  and  Steger'  supposed,  (2)  through 
the  union  of  the  alkyl  halide  with  cathions  to  form  the  cathion 

+ 
complexes  M.lCjHg  assumed   by  Euler,^    (3)  nor  through   the 

intermediate  dissociation  of  the  alkyl  halides  into  a  halogen 
acid  and  an  unsaturated  alkylene  or  aklylidene  residue 

C2H5I     s-^     CH3CHI:  +  HI, 

assumed  by  Nef.^  The  hypothesis  might  be  advanced  that 
in  the  reactions  between  alkyl  halides  and  urazoles,  hydroxides, 
carbonates,  etc.,  the  alkyl  halide  unites  with  the  anion  and 
forms  a  very  unstable  complex  anion  which  immediately  de- 
composes into  iodide  ions  and  an  alkyl  urazole,  hydroxide 
or  carbonate : 

C2H5I  -f  OH     ^-^     C2HJ.OH     ^-^     C2H,0H  +  r. 

Such  an  assumption,  however,  is  purely  gratuitous  and  will 
be  subjected  to  an  experimental  test. 

It  has  been  shown  above,  then,  that  acids,  alkalies  and  salts 
influence  the  above  reactions.  Hydrochloric  acid  and  hydro- 
iodic  acid  act  as  negative  catalyzers  and  lower  the  value  of 
the  velocity  constant  for  the  reaction  between  alkyl  halides 
and  phenylthiourazole,  because  the  halogen  acid  suppresses 
the  ionization  of  the  phenylthiourazole,  and  hence  causes  a 
decrease  in  the  concentration  of  the  urazole  ions,  one  of  the 
two  substances  reacting  according  to  equation  (i).  The 
addition  of  sodium  hydroxide  to  the  solutions  of  the  phenyl- 
thiourazole and  alkyl  halide  causes  an  increase  in  the  velocity 
of  the  reaction  because  the  sodium  hydroxide  reacts  with  the 

•  Rec.  trav.  Chim.,  18,  311. 

«  Ber.  d.  chem.  Ges.,  39,  2726. 

5  Ann.  Chem.  (Liebig),  298,  202;  309,  126;  310,  316;  318,  1,  137;  336,  191. 
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phenylthiourazole  and  forms  a  sodium  salt  which  furnishes  the 
solution  with  a  much  greater  concentration  of  urazole  ions 
than  does  the  free  acid.  Likewise,  sodium  iodide  acts  as  a 
negative  catalyzer,  and  lowers  the  velocity  constant,  for  the 
reaction  between  sodium  phenylthiourazole  and  ethyl  iodide, 
because  the  sodium  ions  from  the  sodium  iodide  cause  a  sup- 
pression of  the  ionization  of  the  sodium  phenylthiourazole 
and  a  diminution  of  the  concentration  of  the  urazole  ions. 

The  above  work  then  shows  that  acids,  bases  and  salts  may 
act  as  negative  or  positive  catalytic  agents  for  certain  reactions 
because  they  cause  a  change  in  the  concentration  of  an  inter- 
mediate product  in  the  reaction.  The  intermediate  product 
in  the  above  reaction  between  phenylthiourazole  and  alkyl 
halides  is  the  phenylthiourazole  anion. 

The  following  tables  of  work  by  Mr.  G.  H.  Shadinger  give 
a  short  resume  o  some  of  the  experimental  results  spoken 
of  above.  A  large  amount  of  work  along  these  lines  has  been 
done  by  Messrs.  R.  F.  Brunei,  J.  M.  Johnson  and  G.  H.  Shad- 
inger, which  wil!  be  reported  later  in  detail.  The  reaction 
was  followed  analytically  by  titrating  the  unchanged  phenyl- 
thiourazole, or  the  sodium  salt,  with  o.i  N  iodine  solution. 
The  solvent  was  50  per  cent  alcohol  and  the  solution  was  o. 05  N 
with  respect  to  the  phenylthiourazole,  or  sodium  salt,  and  the 
ethyl  iodide.  The  temperature  was  50°.  T  gives  the  time 
in  minutes  and  A  the  number  of  cc.  o .  i  N  iodine  solution  re- 
quired to  titrate  20  cc.  of  the  solution  at  the  beginning.  A — x 
is  the  unchanged,  and  x  the  transformed  urazole  and  ethyl 
iodide,  expressed  in  cc.  o.i  N  iodine.     AK   is  the   constant 

calculated   for   a  bimolecular   reaction,  AK  =^  -z—. :,     on 

'  t{A — X)' 

the  assumption  that  A  is  equal  to  5  cc.  o.  i  N  iodine. 

50°;  005  N  i-Phenyl-3-thiourazole;  and 0.05  N  ethyl  iodide. 


T. 

A. 

A  — a:. 

X. 

AK. 

5 

4.90 

4.H 

0.79 

0.039 

10 

4.90 

3-57 

1-33 

0.038 

15 

4.90 

3-i8 

1.72 

0.037 

31 

4.90 

2.46 

2.44 

0.033 

60 

4.90 

1.88 

3.02 

0.027 

120 

4.90 

1.29 

3.61 

0.024 

240 

4.90 

0.66 

4.24 

0.027 
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50°;  005  N  i-Phcnyl-3-tliiourazolc;  005  N  ethyl  iodide;  and 
0.25  N  HCl. 

T.  A.  A  — X.  X.  AK. 

60  4.71  3.54  I. 17  0.00584 

The  first  table  shows  the  constant  decrease  in  the  value  of 
AK  2iS  the  reaction  proceeds,  due  to  the  increasing  suppres- 
sion of  the  ionization  of  the  phenylthiourazole  by  the  hydro- 
iodic  acid  formed  in  increasing  amount  as  the  reaction  pro- 
ceeds. The  second  table  shows  very  sharply  the  great  de- 
crease, caused  by  the  5  molecules  of  hydrochloric  acid,  in  the 
ionization  of  the  phenylthiourazole  and  the  consequent  de- 
crease in  the  velocity  constant  of  the  reaction.  The  halogen 
acids  act  as  negative  catalyzers  because  they  cause  a  decrease 
in  the  concentration  of  the  urazole  ions,  and  a  consequent 
decrease  in  the  velocity  of  the  reaction. 

50°;  o.i  N  Sodium  i-Phenyl-3-thiourazole;  and  01  N  ethyl 
iodide. 


T. 

A'. 

A'  —  X. 

X. 

A'K'. 

AK. 

10 

9-44 

3.80 

564 

0.156 

0.0780 

20 

9-44 

2.26 

7.18 

0.168 

0.0840 

40 

9-44 

1.30 

8.14 

0.  165 

0.0825 

81 

9-44 

0.70 

8.74 

0.  163 

0.0815 

90 

9  44 

0.30 

9.14 

0.  169 

0.0845 

In  this  table  AK  represents  the  velocity  which  the  reaction 
would  have  if  the  concentrations  were  the  same  as  in  the  above 
reaction  between  the  phenylthiourazole  and  ethyl  iodide. 

This  table  shows  that  the  velocity  constant  for  the  reaction 
between  the  sodium  thiourazole  and  the  ethyl  iodide  is  twice 
as  great  as  that  for  the  reaction  between  the  phenylthiourazole 
and  the  ethyl  iodide,  because  the  sodium  salt  is  more  highly 
ionized.  It  was  shown  in  other  experiments  that  the  addi- 
tion of  sodium  iodide  or  sodium  chloride  to  the  solution  causes 
a  decrease  in  the  velocity  constant  with  the  decrease  in  the 
percent  of  ionization  of  the  sodium  phenylthiourazole.  The 
sodium  iodide  and  sodium  chloride  act  as  negative  catalyzers 
because  they  cause  a  decrease  in  the  concentration  of  the 
urazole  ions,  and  a  consequent  decrease  in  the  velocity  of 
the  reaction. 
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The  following  table  worked  out  by  R.  F.  Brunei  and  J.  M. 
Johnson^  shows  that  potassium  iodide  acts  as  a  negative 
catalyzer  in  the  reaction  between  potassium  i-phenyl-4- 
methylurazole  and  ethyl  iodide  in  40  per  cent  alcoholic  solu- 
tion at  60°.  The  solutions  are  0.3  N  with  respect  to  the  ethyl 
iodide,  potassium  i-phenyl-4-methylurazole,  and  the  potas- 
sium iodide  added.  The  second  and  third  columns  contain 
the  percent  of  ethyl  ester  formed  and  the  values  of  AK  when 
no  potassium  iodide  is  added  to  the  solution,  while  the  fourth 
and  fifth  columns  give  the  per  cent  of  ester  formed  and  the  value 
oi  AK  when  one  molecular  quantity  of  potassium  iodide  is 
added  to  the  solution.  It  is  clear  that  the  potassium  iodide 
acts  as  a  negative  catalyzer  because  it  causes  a  decrease  in 
the  per  cent  of  ionization  of  the  potassium  i-phenyl-4-methyl- 
urazole. 

0.3  N  Potassium  urazole  +  0.3  N       0.3  N  Potassium  urazole  +  0.3  N  ethyl 
ethyl  iodide.  iodide  4  0.3  N  potassium  iodide. 


Time  in 
hours. 

Per  cent 
reacted. 

AK. 

Per  cent 
reacted. 

AK. 

0.5 
I.O 
2.0 

18.00 

30-35 
48.20 

0.44 
0.45 
0.46 

12.9 

23-9 
40.0 

0.30 
0.31 
0.33 

4.0  62.85  042  52.9  o  28 

ON    the;    rearrangement    of    ACETYLHAI.OGENAMINOBENZENE 
DERIVATIVES  INTO  HALOGEN  ACETANIUDE  DERIVATIVES. 

But  even  in  some  cases  in  which  it  is  not  easy  to 
measure  the  small  amounts  of  intermediate  product  present, 
it  will  be  found  possible  to  prove  by  the  qualitative  and  quan- 
titative study  of  the  reactions  that  such  are  present. 

Acetylhalogenaminobenzene^  derivatives  rearrange  in  the 
presence  of  halogen  acids  into  halogen  acetanilide  derivatives, 

CH3CONCIC6H5     ^^-^     CH3CONHC6H4CI, 

but  are  stable  in  the  presence  of  alkalies.     The  reaction  is  not 
appreciably    reversible.     That    the    reaction    is    not    brought 

'  Acree:  This  Journal,  37,  71. 

■  Slosson;  Ber.  d.  chem.  Ges  ,  28,  3265.     Armstrong:  J.  Chem.  Soc.  77,  1047.     Chat- 
taway  and  Orton:  Ibid.,  75,  1046;  77,   134;  79,  274;  etc. 
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about  by  the  mere  presence  of  hydrogen  ions*  is  shown  by  the 
fact  that  acetylchloraminobenzene  in  i6  per  cent  acetic  acid 
solution  at  o°  is  rearranged  about  i,ooo  times  as  rapidly  by 
hydrobromic  acid  of  a  given  concentration  as  by  hydrochloric 
acid  in  the  same  concentration.  Furthermore,  the  acetic  acid 
present  in  the  solution  furnishes  1.5  times  as  much  hydrogen 
ions  as  the  hydrochloric  acid,  but  the  velocity  of  rearrangement 
in  the  dilute  acetic  acid  is  very  much  smaller  than  when  hy- 
drochloric acid  is  present.  Furthermore,  a  sample  of  pure 
acetylchlora'.uinobenzene  which  stood  several  days  under 
dilute  sulphuric  acid  was  recovered  unchanged  and  99  per- 
cent pure,  with  the  melting  point  88°.  Another  proof  that 
the  rearrangement  is  not  caused  by  the  mere  presence  of 
hydrogen  ions  is  furnished  by  the  fact  that  acetylchloram- 
inobenzene in  ligroin  is  changed  almost  instantly  by  chlorine 
and  bromine  into  parachloracetanilide  or  parabromacetan- 
ilide. 

Still  further  proof  that  the  rearrangement  is  not  caused 
by  the  mere  presence  of  the  hydrogen  ions,  but  involves  the 
union  of  the  hydrogen  ions  and  halogen  ions  with  the 
acetylchloraminobenzene  is  furnished  by  the  order  of  the 
reaction  and  the  qualitative  and  quantitative  study  of  the 
course  and  nature  of  the  reactions. 

Blanksma^  found  that  in  the  rearrangement  of  acetylchlor- 
aminobenzene by  hydrochloric  acid, 

CHjCONClCeH,  -f  HCl    ^-^     CHjCONHC.H.Cl  +  HCl, 

the  velocity  is  proportional  to  the  concentration  of  the  acetyl- 
chloraminobenzene and  to  the  sqiiare  of  the  concentration  of  the 
hydrochloric  acid.  The  concentration  of  the  hydrochloric  acid 
remains  constant  since  it  is  not  used  up  in  the  reaction.  The 
constant  obtained  is  that  for  a  monomolecular  reaction,  which 
shows  that  the  acetylchloraminobenzene  is  the  only  substance  un- 
dergoing change  in  concentration.  The  fact  that  the  reaction 
is  monomolecular  proves  that  the  rearrangement  is  intra- 
molecular and  not  intermolecular.     If  the  reaction  involved 

"  Acree  and  Johnson:  This  Journal,  37,  410. 
2  Rec.  trav.  Chim.,  21.  366;  22,  290. 
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the  chlorination  of  the  benzene  nucleus  in  one  molecule  by 
the  halogen  amino  group,  or  some  derivative,  of  another  mol- 
ecule the  reaction  would  be  bimolecular,  or  of  a  higher  order. 
This  will  be  discussed  in  detail  below.  In  nearly  all  catalytic 
reactions  studied  heretofore,  such  as  the  hydrolysis  of  esters, 
inversion  of,  cane  sugar,  hydrolysis  of  amides,  etc.,  the  veloc- 
ity of  transformation  has  been  found  to  be  simply  proportional 
to  the  concentration  of  the  hydrogen  ions.  These  two  different 
cases  are  very  important  in  that  they  throw  light  on  the  the- 
ory of  catalysis  in  general  and  in  that  they  make  it  possible  to  deter- 
mine, in  cases  where  only  a  small  amount  of  the  intermediate 
compound  or  salt  is  present,  whether  the  substance  under- 
going transformation  is  the  undissociated  salt  or  the  ionic 
form  of  the  salt.  The  acetylchloraminobenzene  is  probably 
a  very  much  weaker  base  than  acetamide  on  account  of  the 
negative  phenyl,  acetyl  and  bromine  groups  attached  to  the 
nitrogen,  and  its  salts  will,  therefore,  be  greatly  hydrolyzed 
in  aqueous  solutions.  Furthermore,  the  small  amount  of  salt 
actually  existing  will  be  nearly  completely  dissociated  in  the 
extremely  dilute  solution.  It  follows  then  that  the  hydrolysis 
of  the  salt  will  follow  the  familiar  equation  of  Arrhenius*  and 
Walker,2 


^ 


CHgCONClCeHj  +  H     ^     CH3CONHCIC6H, 


tfi'  (Chal X)  ^  Ch      =       KhydCsaltdls       =        -j^Csaltdh,       (l) 

in  which  C^^^  represents  the  original  concentration,  in  gram 
molecules  per  liter,  of  the  acetylhalogenaminobenzene  deriva- 
tive used,  X  the  concentration  of  this  substance  changed 
into  other  products,  including  the  complex  salt,  (C,,^^ — x) 
the  concentration  of  the  acetylchloraminobenzene  derivative 
at  the  moment  equilibrium  is  established,  C^  the  concentration 
of  the  hydrogen  ions,  Q^/^^;^  the  concentration  of  the  complex 

cathion,  CHgCONHClCeH^,  K^^,,  the  hydrolysis  constant, 
K^  the  ion  product  of  water  at  the  temperature,  and   /v^  the 

»  Z.  physik.  Chem.,  6,  1;  13,  407. 

2  Ibid.,  4,  319 ;  32,  137.     J.  Chem.  Soc,  77,  5. 
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affinity  constant  of  the  weak  base.  The  value  of  C^^i^^f^ 
can  be  calculated  for  all  dilutions  when  Kf,  and  the  dissoci- 
ation constant  for  the  salt  become  known.  K^  is  too  small  to 
be  measured  accurately,  by  the  methods  now  at  hand,  but 
this  will  be  studied  later.  Since  only  a  very  small  amount 
of  the  acetylchlorarainobenzene  and  of  the  hydrogen  ions  are 
used  up  in  forming  the  salt,  (C^„/ — x)  and  C^,  are  so  nearly 
equal  to  the  concentrations  that  these  two  would  have  if  no 
salt  were  formed,  that  no  appreciable  error  is  involved  in  sub- 
stituting for  the  values  of  (Q^^^  —  x)  and  C^  in  equation  (i) 
before  any  rearrangement  occurs,  the  values  of  the  concentra- 
tions that  these  two  would  have  if  either  were  alone  in  the 
solution.  The  same  may  be  said  for  other  cases  considered 
below,  as  has  been  discussed  by  Walker,  and  this  point  will 
not  be  considered  again.  If  the  dissociated  salt  were  the  only 
substance  rearranging  into  parachloracetanilide  the  rate  of 
formation  of  the  parachloracetanilide  would  be 

CHjCONHClCeH^    s^     CHjCONHCgH.Cl  -f  H 

(^Csalt  dh  dx 


dt  dt 


KtransCsalt  dzs,  (2) 


ment  of  the  dissociated  salt  which  is  present  in  the  concen- 
tration C,^;,^,.,.  —dC,„i,ai^  is  the  small  amount  of  C^^i^dis 
which  rearranges  in  the  time  dt.  — dC^^^^i^  is  exactly  equal, 
in  gram  equivalents,  to  dx,  the  small  amount  of  product  formed 
by  the  rearrangement  of  the  acetylhalogenaminobenzene.  We 
may,  therefore,  write  dx  for  the  small  amount  of  substance 
transformed,  whether  it  be  the  intermediate  compound  or  the 
acetylhalogenaminobenzene.  The  dx  represents  an  increase 
and  the  dC^^n^i^  a  decrease;  hence  the  one  is  the  negative 
of  the  other. 

In  the  total  reaction,  expressed  by  equations  (i)  and  (2), 
we  are  dealing  with  two  consecutive  reactions.  The  first  is 
a  reversible  reaction  involving  what  may  be  considered  prac- 
tically a  bimolccular  and  a  unimolecular  reaction.  The  second 
is  a  non-reversible  bimolecular  reaction.     The  concentration  of 
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acetyl  halogenaminobenzene,  hydrogen  ions,  and  anions,  and 
upon  the  velocities  of  the  two  reactions.  The  first  reaction  is  the 
neutralization  of  the  base  by  an  acid,  and  all  such  reactions  take 
place,  as  a  rule,  immeasurably  rapidly.  The  second  reaction 
is,  therefore,  very  slow  in  comparison  with  the  first,  and  the 
equilibrum  expressed  in  equation  (i)  is  never  appreciably 
disturbed  by  the  change  in  the  concentration  of  C^^^^^^  in 
reaction  (2).     Hence  according  to  (i) 


Csalt 

dis       = 

Kit, 

{Chal 

-X)   X^ 

and 

equation  (2) 

becomes 

dx 
dt 

Ktraiu  Kb 

Ku, 

(C,a, 

^  —  x)  X 

or 

tc„  ^"^ 

Cnal 
{ChuI- 

X) 

= 

Kb'Kirans 

K^ 

K.         (3) 

If  the  base  existed  entirely  as  salt  the  velocity  of  rearrange- 
ment would  be  K^^^^j  ;  but  since  only  a  small  fraction  of  the 
base  exists  as  salt,  the  reaction  is  retarded  and  the  value  of 
the  constant  actually  obtained  for  the  rate  of  transformation 
of  the  acetylchloraminobenzene  is  the  value  of  the  real  veloc- 
ity constant  for  the  substance  actually  changing  into  the  para- 
chloracetanilide  divided  by  the  ratio  of  the  amount  of  base 
to  the  amount  of  dissociated  salt.  But  according  to  equation 
(3)  this  constant  should  be  proportional  to  the  concentration 
of  the  hydrogen  ions.  Experimentally,  however,  it  is  found 
that  the  constant  varies  as  the  square  of  the  concentration 
of  the  hydrogen  ions.     It  is,  therefore,  certain  that  the  ion 

+ 
CHgCONHClCeHg  is  not   the   substance   which   chiefly   yields 

the  parachloracetanilide,  although  it  may  do  so  to  a  very  small 
extent.  We  must  look  elsewhere  then  for  the  substance  which 
changes  directly  into  parachloracetanilide. 

Since  the  amount  of  molecular  salt  present  is  very  small, 
the  formation  of  this  undissociated  salt  will  follow  the  require- 
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merits  of  the  mass  law  as  discussed  above  for  the  complex 
cathion  and  give  equation  (4) 

CH3C0NC1C,H,  +  H  -f  CI     ^     CH3CONHCIAH5 
{Chai-x)  XChX  Ca    = 

"  T^ ^  Csall  und  =  {Chal  x)   X   O H(Cl),  (4) 

in  which  /^„«„  is  the  dissociation  constant  of  the  salt,  the 
molecular  form  of  which  has  the  concentration  C^aitund- 

If  the  undissociated  salt  yields  the  parachloracetanilide 
the  rate  of  transformation  of  the  acetylchloraminobenzene 
would  be  expressed  by  the  equation 

CH3CONHCIAH5     ^^     CH3C0NHCeH,Cl  -f  HCl 

— dC salt  und     dx      vr        r  (  r\ 

j^  —         J.        —       t^traus^ salt  und-  yii) 

It  is  evident  from  (4)  that  instead  of  C^^^^  ^^^^  in  (5)  we  can 
substitute 

-^ {Chai  —  x)  XChX  Ca   or 

Jt'^wt^affin 

-^^-^  —        (Ow/        X)    X    Cfjt^ci)y 

and  we  then  obtain 

dx  KtygnsKb  ^  nr\  \/  r     V  r 

-77     —     L^    £^ — ^fiai — X)  X  L// X  Lci    = 

at  K^Kaffln 


KtransK-b 
KivK  affin 


{C,al-X)    X   C)j^ci),       (6) 


^^H(Cl)  (Chal ^)  K^uKaJ/in 

But  equation  (6)  expresses  the  results  actually  obtained  ex- 
perimentally. In  other  words,  the  velocity  of  the  reaction 
shows  that  the  substance  undergoing  change  is  the  undisso- 
ciated salt  in  (4)  and  not  the  cathion  of  this  salt  in  (i).     In 
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entire  harmony  with  this  is  the  fact  that  different  acids 
(HCl,  HBr,  H,SO„  CH3COOH)  do  not  give  reaction  constants 
bearing  the  relation  to  the  concentration  of  their  hydrogen  ions 
demanded  by  equation  (3).  All  of  these  acids  would  give 
the  same  complex  cathion  in  (i).  The  amount  of  this  cathion 
and  consequently  the  rate  of  transformation  of  the  acetyl- 
chloraminobenzene,  should  be  strictly  proportional  to  the  con- 
centration of  the  hydrogen  ions,  whatever  the  acid,  if  the  re- 
action took  place  according  to  (i).  Such,  however,  is  not 
the  case. 

The  fact  that  three  different  acids  give  different  velocity  con- 
stants is  predicted  by  theory  if  equation  (5)  represents  the 
method  of  change.  The  undissociated  salts  formed  by  all 
of  these  acids  can  be  represented  by  CHgCONHClAcCgHg 
in  which  Ac  represents  the  anion  of  the  acid.  These  different 
salts  would  be  expected  to,  and  do,  have  different  velocities 
of  transformation  as  will  be  discussed  below.  Instead  of  the 
salt  represented  in  the  equation  (4)  another  compound,  to 
give  a  general  illustration  applicable  in  other  cases  as  well  as  in 
the  present  one,  could  be  formed  by  the  addition  of  two  anions 
or  two  cathions  to  the  acetylchloraminobenzene  as  follows : 

CHjCONClC.Hg  +  2Ac  ^     CHjCONCl(Ac),CsH,  ; 
CHjCONClC.Hs  +  2H     ^It     CHjCONClH.CeH^; 

CH3CONCIH2C6H,     ^^     CH.CONHCoH.Cl  -f  2H. 

This  would  lead  to  the  same  velocity  constants  as  in  equation 
(6)  and  as  the  present  work  does  not  decide  absolutely  between 
these  two  we  shall  confine  our  discussion  of  the  case  as  if  it  took 
place  according  to  equations  (5)  and  (6)  as  it  most  probably 
does. 

The  quantitative  evidence  leads  to  the  belief  that  acetyl- 
chloraminobenzene does  not  rearrange  per  se  in  the  above 
reactions.      The    evidence    further    shows    that    the    positive 

+ 
ion  in  equation  (i),  CHgCONHClC^oHg  is  not  the   substance 

undergoing  transfonnation  into  parachloracetanilide,  but  that 
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the  undissociated  salt  CHijCONHCljCoHs  changes  into  para- 
chloracetanilide  and  hydrochloric  acid. 

What  is  the  evidence  supporting  the  view  that  such 
a  substance,  present  in  only  a  very  small  amount  at  any  mo- 
ment, can  change  rapidly  enough  to  account  for  the  reaction 
velocity? 

Jackson  and  Clarke^  and  also  Fries^  have  shown  that  (€113)2 
NBr^CeHg  and  other  similar  substances,  which  are  entirely 
analogous  to  the  above  salt,  rearrange  very  rapidly  into  para- 
bromdimethylaniline  hydrobromide. 

The  following  evidence  leaves  no  doubt  that  the  above  is 
the  correct  interpretation  of  the  reaction.  If  the  acetylhalo- 
genaminobenzene  adds  the  halogen  acid  as  illustrated  above, 
we  should  obtain  the  same  intermediate  product  from  acetyl- 
chloraminobenzene  and  hydrobromic  acid  as  is  formed  by  the 
action  of  hydrochloric  acid  on  acetylbromaminobenzene : 

(A)  CH3CONClCeH,  +  HBr     ^^ 

^   CHgCONHClBrCeHj  ^^ 

(B)  CHgCONBrCoH,  +  HCl      ^ 

CHgCONHCeH.Br  +  HCl. 

If  this  addition  product  is  the  substance  which  rearranges 
into  the  parahalogenacetanilide,  we  should  obtain  the  same 
substance  or  substances  by  either  of  these  methods,  and  the 
relative  amount  of  parachloracetanilide  and  parabromacet- 
anilide  formed  would  depend  upon  the  relative  tendency 
of  the  chlorine  and  bromine  to  enter  the  benzene  nucleus. 
It  was  known  beforehand  that  acetylbromaminobenzene  re- 
arranges very  much  more  rapidly  into  parabromacetanilide 
than  the  corresponding  chlor  derivative  yields  parachloracet- 
anilide; we  therefore  predicted  that  from  both  of  the  reactions 
we  should  obtain  the  same  product,  parabromacetanilide, 
and  this  was  happily  verified  by  experiment.  The  parabrom- 
acetanilide obtained  seemed  to  be  practically  free  from  para- 
chloracetanilide. The  formation  of  the  parabromacetanilide 
from   acetylchloraminobenzene  and    hydrobromic    acid    takes 

1  This  Journal,  34,  261 ;  36,  409. 

2  Ann.  Chem.   (Liebig),  346,  128. 
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place    according   to    a  reaction    of   the    second  order  as  de- 
manded by  equation  (A)  above. 

We  have  further  found  that  when  bromine  or  chlorine  is 
added  to  acetylchloraniinobenzene  in  ligroin  the  substance  is 
transformed  in  a  few  seconds  into  parabromacetanilide  and 
parachloracetanilide.  The  formation  of  the  parabromacet- 
anilide was  predicted. 

CHjCONClCgH,  +  Br^     =^      CH3CONClBr2C„H,     s^ 

CHgCONHCeH^Br  +  BrCl; 

CHjCONClCgH^  +  CI2     ss-^     CH3CONCI3C6H5     =-^ 

CHgCONHCeH^Cl  +  CU. 

The  transformation  of  these  acetylhalogenaminobenzenes 
in  the  presence  of  acids  was  effected  in  aqueous  acetic  acid 
solutions.  If  the  cathion  in  (i)  were  the  substance  being 
transformed  into  parahalogenacetanilide  this  rearrangement 
should  take  place  more  rapidly  in  those  solutions  containing 
more  water,  because  in  such  solutions  the  salt  would  be  more 
completely  dissociated.  But  if  the  undissociated  salt  in  (5) 
is  the  substance  being  changed  into  the  halogenacetanilide 
the  rearrangement  should  take  place  more  slowly  in  those  solu- 
tions containing  more  water,  because  there  would  be  less  un- 
dissociated salt  in  the  solutions  containing  more  water.  Since 
the  concentration  of  the  undissociated  salt  would  be  smaller 
the  velocity  of  transformation  of  the  acetylhalogenamino- 
benzene  would  be  smaller.  Since  the  rearrangements  take  place 
more  slowly  in  those  solutions  containing  more  water,  the 
latter  hypothesis  and  equations  (5)  and  (6)  are  verified. 

Finally,  if  the  undissociated  salt  were  the  substance  being 
transformed  the  addition  of  a  salt  with  a  common  ion  should 
cause  a  rise  in  the  velocity  of  transformation.  It  is  evident 
that  the  addition  of  potassium  chloride  to  a  solution  of  the 
acetylchloraminobenzene  and  hydrochloric  acid  would  cause 
a  suppression  of  the  ionization  of  the  complex  hydrochloride. 
If  the  undissociated  salt  is  the  substance  being  transformed 
it  is  evident  that  the  increase  of  the  concentration  of  this  sub- 
stance by  the  potassium  chloride  should  cause  an  increase  in 
the    reaction   velocity.     The   theory   has   been   fully   verified 
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experimentally  as  will  be  shown  below.  If  the  complex  ca- 
thion  were  the  sulostance  undergoing  transformation  the  ad- 
dition of  potassium  chloride  should  cause  a  decrease  in  the 
ionization  and  velocity  of  reaction,  provided  that  the  potas- 
sium chloride  does  not  act  per  se  as  an  energetic  positive 
catalyzer.     Such  is,  however,  not  the  case. 

It  is  entirely  possible  that  the  rearrangements  of  deriva- 
tives of  phenylnitramine,  phenylnitrosamine,  and  phenyl- 
sulphaminic  acid  into  derivatives  of  nitraniline,  nitrosoaniline 
and  sulphanilic  acid  take  place  like  the  above  reactions,  and 
this  will  be  a  subject  of  investigation  in  this  laboratory. 

EXPERIMENTAL. 

The  acetylchlorarainobenzene  and  the  acetylbromamino- 
benzene  used  in  the  following  experiments  were  prepared 
by  Slosson's'  method,  as  the  methods  of  Chattaway  andOrton^ 
and  of  Armstrong''  were  tried  without  good  results. 

Five-tenths  gram  of  acetylchloraminobenzene,  melting  at  85°- 
87°,  was  dissolved  in  ligroin  and  0.25  cc.  of  bromine  were 
dropped  in;  a  white  precipitate  of  parabromacetanilide  was 
formed  immediately.  This  was  filtered  off  after  a  few  moments, 
dried  and  recrystallized  from  alcohol.  It  melted  at  163°- 
167°;  when  mixed  with  pure  parabromacetanilide,  m.  p.  167°, 
obtained  by  another  method,  the  melting-point  was  not  low- 
ered. 

One-half  gram  of  acetylchloraminobenzene,  m.  p.  85°-87°, 
was  dissolved  in  ligroin  and  a  rapid  stream  of  dry  chlorine 
gas  was  passed  in.  After  one  minute  a  white  precipitate  of 
parachloracetanilide  began  to  appear.  When  the  precipi- 
tation was  complete,  the  substance  was  filtered  off,  dried,  and 
recrystallized  from  alcohol.  It  melted  at  173°-! 76°.  When 
mixed  with  parabromacetanilide,  m.  p.  167°,  it  melted  at 
i65°-i7o°.  When  mixed  with  pure  parachloracetanilide,  m.  p. 
1 76°-!  78°,  made  from  acetylchloraminobenzene  and  hy- 
drochloric acid,  it  melted  at   176°-! 78°. 

Acetylchloraminobenzene,   m.    p.    85°-87,°    was    dissolved 

1  Loc.  cit. 
*Ibtd. 
•  Ibid. 
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in  glacial  acetic  acid  and  treated  with  dilute  hydrochloric  acid. 
A  white  precipitate  of  parachloracetanilide  was  obtained  which, 
when  crystallized  from  alcohol,  melted  at   176°-! 78°. 

Acetylchloraminobenzene,  m.  p.  85  "-87°,  was  dissolved 
in  glacial  acetic  acid  and  treated  with  dilute  hydrobromic 
acid.  A  white  precipitate  of  parabromacetanilide  was  obtained 
which  melted  at  i65°-i67°  when  crystallized  from  alcohol. 
When  mixed  with  parabromacetanilide,  ra.  p.  167°,  obtained 
from  acetylbromaminobenzene  and  hydrobromic  acid  the  melt- 
ing-point was  still  i65°-i67°.  When  mixed  with  pure 
parachloracetanilide,  m.  p.  i76°-i78°,  the  melting-point 
was  lowered  to  150°- 160°. 

One  gram  of  acetylchloraminobenzene,  m.  p.  85°-87°, 
was  treated  with  a  large  excess  of  dilute  sulphuric  acid  and 
let  stand  two  weeks.  The  product  was  filtered  off  and  recrys- 
tallizcd  from  alcohol.  It  then  melted  at  88°-89°.  A  sam- 
ple of  0.2927  gram  required  28.80  cc.  of  0.1185  N  sodium 
thiosulphate  solution.  The  substance  then  was  unchanged 
acetylchloraminobenzene,  99  per  cent  pure.  This  experi- 
ment shows  that  sulphuric  acid  causes  only  a  very  slow  change 
in  the  substance.  Quantitative  experiments  given  below 
show  further  that  this  change  is  very  slow  when  the  acetyl- 
chloraminobenzene and  sulphuric  acid  are  dissolved  in  aque- 
ous acetic  acid.  The  experiment  proves  very  clearly  that 
the  catalysis  is  not  due  to  the  mere  presence  of  the  hydro- 
gen ions,  because  the  rapidity  of  rearrangement  caused  by  the 
sulphuric  acid  in  a  given  concentration  is  very  much  less 
than  that  produced  by  an  equal  concentration  of  hydro- 
chloric acid  or  hydrobromic  acid. 

Acetylbromaminobenzene,  m.  p.  88°,  was  treated  with  di- 
lute hydrochloric  acid.  A  white  precipitate  of  parabromacet- 
anilide was  obtained  which,  when  recrystallized  from  alcohol, 
melted  at  167°,  and  this  melting-point  was  not  lowered  by 
mixing  the  sample  with  parabromacetanilide  obtained  other- 
wise. 

Acetylbromaminobenzene,  m.  p.  88°,  was  treated  with 
dilute  hydrobromic  acid.  A  precipitate  of  parabromacet- 
anilide was  obtained  which,  when  recrystallized  from  alcohol, 
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melted  at  167°.  The  melting-point  was  not  lowered  by  mix- 
ing the  sample  with  the  above  compound,  or  with  pure  para- 
bromacetanilide  obtained  otherwise, 

Paratolylacetylnitrogenbromide,  prepared  by  Chattaway  and 
Orton's  method,  rearranged  so  quickly  on  standing,  or  when 
treated  with  hydrochloric  or  hydrobromic  acid,  that  it  was 
impossible  to  do  any  quantitative  work  with  this  substance. 

The  paratolylacetylnitrogenchloride  used  in  the  rearrange- 
ment experiments  was  prepared  by  Chattaway  and  Orton's 
method.  This  substance,  when  treated  with  hydrochloric 
acid,  gave  a  mixture  of  paracettoluidide  and  orthochlor- 
paracettoluidide. 

Paratolylacetylnitrogenchloride,  when  treated  with  a  large 
excess  of  hydrobromic  acid,  gave  a  red  oil  from  which  a  com- 
pound was  obtained  by  recrystalUzation  from  alcohol.  This 
melted  at  io7°-io8°  and  was  probably  impure  orthobrom- 
paracettoluidide,  m.  p.  118°. 

Paratolylacetylnitrogenchloride,  in  ligroin  solution,  was 
decomposed  by  bromine  and  chlorine,  giving,  in  both  cases, 
apparently  some  impure  paracettoluidide,  melting  at  140°- 
150°. 

REARRANGKMENT   EXPERIMENTS. 

Experiments  with  Hydrobromic  Acid. 
If  in  the  reaction  between  hydrobromic  acid  and  acetyl- 
chloraminobenzene  the  parabromacetanilide  is  formed  by 
the  rearrangement  of  the  undissociated  hydrobromide  of 
the  acetylchloraminobenzene,  the  equations  wil:  differ  some- 
what in  form  from  those  used  in  the  work  on  the  rearrange- 
ments produced  by  hydrochloric  acid.  If  the  undissoci- 
ated salt  is  formed  according  to  the  mass  law  we  have 

CHjCONClCeH,  -f  H  -f  Br    ^ 

CHgCONHClBrCoHs     s-^ 


CHgCONHCeH.Br  +  H  -f  CI. 

Kb 


iCHal—X-y){CBr-X-y)CH      =      ^^^i^Csaltund,      ( l) 


or,  when  y  is  small  in  comparison  with  x, 
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{Chal—X){CBr—x)CH      =       — ^^' ^Csalt  und,  (2) 

in  which  y  is  the  concentration  of  the  salt  formed,  and  x  the 
concentration  of  the  parabromacetanilide,  while  the  other 
symbols    have    the    same   meaning    as    before. 

If  now  the  undissociated  salt  is  the  substance  undergoing 
rearrangement,  we  have 

dCsalt  und        IT  /^  /'-,^ 

J,  —       ^Irans^ sail  und.  \,3) 

As  discussed  above,  however,  we  can  substitute  for  C^^j^^^^^ 
in  (3)  the  corresponding  value  in  (2)  and  we  then  get 


dx  KtmnsKb 


(Ckal  —  X)  ( CBr  —  X)C// 


dt  Kaffin  Ki 

K{Chal  —  x){CBr-x)C„.  (4) 

When  Cf^^j,  C^,,  and   C^  are   in  equivalent  concentrations, 
A,  equation  (4)  becomes 

%    =     nA-.)iA-.)A    or    ^^j^.   =K       (5) 

whereas  if  only  the  concentrations  of  the  acetylchloramino- 
benzene  and  of  the  bromide  ions  were  to  be  considered  the 
well-known  equation  by  the  second  order  reaction. 


t{A  —  x)A 


would  hold.  We  have  therefore  a  method  of  testing  the  ques- 
tion whether  the  undissociated  salt  formed  by  the  union  of 
the  hydrobromic  acid  with  the  acetylchloraminobenzene  is 
the  substance  rearranging  according  to  equation  (5).  By 
simply  varying  the  value  of  A,  we  can  see  if  a  constant  value 
for  K  is  obtained.  We  must,  however,  expect  some  decrease 
in  the  value  of  K  with  increase  in  the  value  of  A  for  the  fol- 
lowing reasons:  The  A  in  equation  (5)  is  substituted  for 
(C^„; — y)  or  (C^,. — y)  in  equation  (i).  When  y  is  very  small 
the  error  involved  in  this  substitution  is  small.  Since  y  in- 
creases more  rapidly  than  A  it  is  evident  that  the  error  becomes 
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larger  with  increase  in  A,  and  since  A^  occurs  in  the  denom- 
inator in  equation  (5)  the  error  is  still  more  magnified.  In- 
stead of  ^2  in  equation  (5)  we  should  have  (.4 — yy,  the  value 
of  which  is  not  known.  Since  then  A^  is  larger  than  (A — y)^ 
and  occurs  in  the  denominator  the  value  of  K  should  decrease 
with  increase  in  the  value  of  A. 

Since  A^  is  the  function  used  in  equation  (5),  even  a  small 
error  involved  in  the  use  of  A  instead  of  (A — y)  becomes 
magnified  in  A^.  If  (A — y)  equals  o.g  A,  the  value  of  K  de- 
rived from  equation  (5)  is  20  per  cent  less  than  it  should  be, 
whereas  if  (^4 — y)  equals  0.6  A  the  value  of  K  is  only  one-third 
as  large  as  it  should  be.  This  fact  then  accounts  to  some  ex- 
tent for  the  decrease  in  the  value  of  K  in  Tables  I.  and  IX.  in- 
clusive. The  results  of  all  the  work  on  the  rearrangements 
by  hydrochloric  acid  and  hydrobromic  acid  makes  it  very  prob- 
able that  the  above  explanation  of  the  cause  of  the  rearrange- 
ment is  essentially  correct.  It  is  probable,  however,  that 
there  are  other  conditions  not  considered  at  all  in  the  above 
equations  which  help  to  cause  a  decrease  in  the  value  of  K  in 
Tables  I.  to  IX.,  inclusive,  and  these  are  now  the  subject  of 
investigation. 

The  experiments  in  Tables  I.  to  IX.  were  carried  out  in  the 
following  manner  in  a  dark  room.  From  0.2  gram  to  2.2  grams 
acetylchloraminobenzene  were  put  into  a  dark  colored  bottle 
holding  something  more  than  600  cc.  The  soUd  was  then  dis- 
solved in  60  cc.  glacial  acetic  acid  and  afterwards  540  cc.  water 
were  added.  The  contents  of  the  bottle  were  shaken  up 
thoroughly  and  placed  in  a  bath  of  melting  ice.  When  the 
temperature  had  become  constant,  100  cc.  were  withdrawn 
in  a  pipette  and  quickly  transferred  to  a  beaker  containing 
1.0-2.0  grams  of  potassium  iodide  in  10-20  cc.  of  water.  The 
iodine  liberated  by  the  unchanged  acetylhalogenaminobenzene 
derivative  was  titrated  with  standard  sodium  thiosulphate. 
From  this  it  was  possible  to  calculate  the  necessary  amount 
of  standard  hydrobromic  acid  to  be  added  to  the  remaining 
500  cc.  of  solution  to  make  unimolecular  equivalents.  The 
time  was  noted  when  this  acid  was  added;  100  cc.  were  with- 
drawn in  a  pipette  from  time  to  time,  added  to  the  potassium 
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iodide  solution,  and  the  iodine  titrated  against  sodium  tliio- 
sulphate  solution  as  above.  The  results  gave  no  constant 
at  all  for  a  monomolecular  equation,  but  a  very  fair  one 
for  the  bimolecular  equation.  The  time,  T,  is  expressed  in 
minutes  in  all  of  the  following  tables.  In  calculating  the  re- 
sults the  necessary  correction  for  the  change  in  volume  by  the 
addition  of  the  acid  was  made.  The  hydrochloric  acid  libera- 
ted during  the  reaction  acts  so  slowly,  in  comparison  with  the 
hydrobromic  acid,  upon  the  acetylchloraminobenzene  that  this 
factor  is  not  considered  in  the  above  equations. 

In  Tables  I.  to  IX.  inclusive  the  value  K  is  calculated  from 
AK  on  the  basis  of  number  of  cc.  thiosulphate  solution  used. 
K'  is  calculated  from  AK  on  the  basis  of  the  number  of  gram 
molecules  per  liter  of  acetylchloraminobenzene. 

In  Tables  X.  to  XIV.  inclusive,  approximately  2.0  grams  of 
acetylchloram.inobenzene  derivative  were  dissolved  in  the 
same  volume  of  solvent  used  above.  In  these  tables  the  value 
of  K  is  calculated  from  that  of  A  K  on  the  basis  that  the  quan- 
tity of  acetylchloraminobenzene  derivative  present  is  equiva- 
lent to  20  cc.  thiosulphate  solution.  The  values  0.255,  0.260, 
and  0.275  of  ^'^  for  acetylchloraminobenzene  at  2°,  4°  and  5° 
agree  very  closely. 


Table  I. 

0.2  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  540  cc.  water  at  3°;  1.16  cc  of  105  N  HBr  (i  mol.) 
added. 


/. 

Na^S^Oa. 

A2K. 

0 

5-31 

21.66 

4  32 

0.0106 

46.16 

3-54 

0.0108 

78.16 

2.82 

O.OII3 

II4-5 

2.28 

O.OI16 

15716 

1.90 

Average, 

O.OII4 

O.OIII 

K, 

0.00039 

K' 

',     0. 

13 

28o 
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Table  II. 

04  gram  acetylchloraminobenzene  in  60  cc.  glacial  acetic 
acid  and  540  cc  water  at  3°;  1.91  cc  of  105  N  HBr  (i  mol.) 
added. 

I.                                               NaaSaOg.                                           A8K. 
o  8.69  


I.O 

3-66 
16.0 
40.66 
95-33 


0.0188 
0.0199 
0.0217 
0.0220 
0.0232 


K,     0.00028 


Average,     0.02 11 
K',     0.095 


Table  III. 


06  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  540  cc  water  at  3°;  2.79  cc  of  1.05  N  HBr  (i  mol.) 
added. 


/. 

NajSjOa. 

KA2. 

0 

12.69 

11.25 

8.92 

0.0376 

18.66 

7.40 

0.0382 

36.33 

5.23 

0.0392 

54-5 

4.02 

0.0395 

76.25 

3.16 

Average, 

0.0395 
0.0388 

K, 

0.00024 

K 
Table  IV. 

,     0.081 

08  gram  acetylchloraminobenzene  in  60  cc.  glacial  acetic 
acid  and  540  cc  water  at  3°;  3.72  cc  of  105  N  HBr  (i  mol) 
added. 


i. 

NajSoOa. 

KA«. 

0 

16.88 

3.08 

14.41 

0.0556 

8.16 

11-55 

0.0565 

16.66 

8.70 

0.0564 

34-33 

5-73 

0.0566 

62.8 

3-60 

Average, 

0.0587 

0.0568 

K, 

0.00019 

K 

,     0067 
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I.I  grams  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  540  cc.  water  at  3°;  5. 18  cc  of  1.094  N  HBr  (i  mol.) 
added. 


/. 

NajSjOj. 

KA2. 

0 

'       24.43 

3 

18.90 

0.0975 

11.66 

11-37 

0.0984 

20.25 

8.06 

O.IOO 

44-5 

425 

0.106 

128.5 

1.32 

Average, 

(0.136) 

O.IOO 

K, 

0.00017 

K' 
Table  VI. 

',     0.055 

16  grams  acetylchloraminobenzene  in  60  cc.  glacial  acetic 
acid  and  540  cc  water  at  3°;  7.84  cc  of  1.094  N  HBr  (i  mol.) 
added. 


t. 

Na,S203. 

KA2. 

0 

36.78 



1.08 

30.10 

0.205 

3  08 

22.00 

0.218 

10 

12.73 

0.189 

23-5 

6.39 

0.202 

41 .16 

3.80 

Average, 

0.210 

0.205 

K, 

0.00015 

K\ 

,     0.051 

Table  VII. 

2.2  grams  acetylchloraminobenzene  in  60  cc.  glacial  acetic 
acid  and  540  cc  water  at  3°;  1052  cc  of  1.094  N  HBr  (i  mol) 
added. 

t.                                           NajSaOg.  KA*. 

o  49.12  

0.92                                     36.46  (0.378) 

2.58                                     26.22  0.338 

4-66                           18.79  0.347 

II. 16                             9.96  0.352 

21.66                             5.80  0.344 


K,     0.00014 


Average,     o .  345 
K\     0.048 
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Table  VIII. 

lo  gram  acetylchloraminobenzene  (3  mols)  in  60  cc.  glacial 
acetic  acid  and  540  cc  water  at  3°;  152  cc  of  1094  N  HBr 


(i  niol.)  added. 

/. 

NaaSaOj. 

0 

21  .62 

I 

18.80 

30 

16.27 

60 

14.82 

150 

1393 

361 

13-94 

1440 

1332 

K,     0 

.00014 

ACB—x)' 


0.015 
0.015 
0.015 


Average,     0.015 


Table  IX. 

0333    gram    acetylchloraminobenzene  (i    mol.)    in    60    cc 

glacial  acetic  acid  and  540  cc  water  at  3°;  4.53  cc  of  1094 
N  HBr  (3  mols.)  added. 

t.  NaaSjOa.  \  log  °^^^~^j  =  K(A-B)B. 

o  7  14  

2.16            6.21  (0.029) 

6.25           4.65  0.021 

14              2.82  0.022 

27.75            1.26  0.021 

59  o . 20  

202  0.00  

Average,     0.021 
K,     0.00021 
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Table  X. 

08  gram  acetylchloraminobenzene  in  30  cc  glacial  acetic 
acid  and  265  cc  water  at  2°;  3. 81  cc  (i  mol)  of  1.05  N  HBr 
added.     ■ 

/.  NajSjOa.  AK. 

o 

I.O 


K, 


17.31 

14.01 

0.236 

9.87 

0.196 

4-37 

0.203 

2.37 

0.252 

1.56 

0.208 

Average, 


.     0.255 

ijllJA^^^  Table  XL 

^/jlff.S  grg,iij,  acetylchloraminobenzene  in  30  cc  glacial  acetic 

acid  and  aafb  cc  water  at  4°;  4.61  cc  of  105  N  HBr  (  i  mol.) 

added. 


t. 

0 

I 

12 

2 

87 

7 

63 

15 

50 

33 

75 

Nai,S203. 

AK. 

•    20.60 

16.57 

0.216 

11.56 

0.272 

6.44 

0.288 

3  30 

0.329 

2.18 

0.250 

Average, 

0.27 

Table  XIL 

K,     0.26 


0.8  gram  acetylchloraminobenzene  in  30  cc  glacial  acetic 
acid  and  278  cc  water  at  5°;  4.39  cc  of  1.05  N  HBr  (  i  mol.) 
added. 


/. 

NaoSjOs. 

AK. 

0 

19.62 

0.87 

15.10 

(0.34) 

325 

10.28 

0.28 

8.37 

6.01 

0.27 

16.00 

372 

0.27 

32.00 

2.18 

0.25 

Average, 

0.27 

K,     0.275 
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The  reaction  between  hydrobromic  acid  and  paratolyl- 
acetylnitrogenchloride  was  studied  and  the  results  are  given 
in  the  following  tables.  Conditions  were  the  same  as  with 
the  acetylchloraminobenzene.  In  each  case  the  constant  was 
calculated  from  the  bimolecular  equation.  The  two  sets  of 
constants  agree  very  well  and  show  the  rearrangement  of  the 
paratolylacetylnitrogenchloride  by  one  molecular  quantity  of 
hydrobromic  acid  to  be  only  about  one-third  as  rapid  as  that 
of  the  acetylchloraminobenzene. 


Table  XIII. 

0.7   gram   paratolylacetylnitrogenchloride   in   30   cc.  glacial 
acetic  acid  and  270  cc  water  at  5°;   2.65  cc.  of  105  N  HBr 


NajSaOa.  AK. 

11.94 

10.15  0.059 

8.02  0.059 

5-77  0.058 

4.38  (0.047) 


mol.) 

added 

/. 

0 

3.00 

8.25 

18.50 

36.50 

Average,    0.058 


K,     0.098 


Table  XIV 

tylnitrogenc 

A/^ater  at  5° 

Na^SsOs. 

12.09 

II  .06 

9-37 

589 

4-47 

330 

07  gram  paratolylacetylnitrogenchloride  in   30  cc   glacial 

acetic  acid  and  270  cc  water  at  5°;  2.69  cc  of  1055  N  HBr 

(i  mol.)  added. 

t. 

o 

1.50  11.06  0.062 

5.00  9.37  0.058 

18.00  5.89  0.058 

30.00  4.47  0.057 

50.00  3.30  0.053 


Ky  0.098 


Average,    0.058 


Studies  in  Catalysis.  285 

Rearrangement  Experiments  with  Hydrochloric  Acid. 

The  constant  in  each  case  is  calculated  from  the  monomo- 

I             A 
lecular    equation  (6)  ~j  log  .  =  KCh-     In  the  following 

series  of  experiments  with  acetylchloraminobenzene  and  hydro- 
chloric acid,  the  acid  was  added  in  amounts  equivalent  to  those 
of  Blanksma^  when  he  used  10,  15,  20,  etc.,  cc.  of  28.67  per  cent 
hydrochloric  acid  to  500  cc.  of  solution.  We  used  the  same 
proportion  of  a  different  strength  of  acid  to  250  cc.  of  solution. 
Ten  cc.  of  28.67  P^r  cent  hydrochloric  acid  to  500  cc.  solution 
are  taken  as  the  standard  and  will  be  designated  as  M  amount 
of  acid;  others  will  be  2M,  3M,  etc.  Corrections  were  applied 
for  the  difference  in  volume  when  the  acid  was  added  to  the 
standard  solution  of  the  acetylchloraminobenzene  derivative 
instead  of  making  the  entire  solution  standard  as  Blanksma 
did.  Tables  XV,  to  XVIII.,  inclusive,  show  that  the  velocity 
constant  decreases  with  increasing  per  cent  of  water. 

Tables  XIX.  and  XX.  show  the  relative  reaction  velocities 
at  4°  and  25°. 

Tables  XXI.  to  XXVII.,  inclusive,  show  the  change  of  veloc- 
ity of  transformation  with  change  in  concentration  of  hydro- 
chloric acid  in  20  per  cent  acetic  acid  solution  at  25°. 

Tables  XXVIII.  to  XXXIV.,  inclusive,  show  the  change 
of  velocity  of  transformation  with  change  in  concentration  of 
hydrochloric  acid  in  30  per  cent  acetic  acid  solution  at  25°. 

Tables  XXXV.  and  XXXVI.  are  a  general  resume  of  Tables 
XXI.  to  XXXIV.,  inclusive,  and  of  Blanksma's  work,  showing 
that  the  velocity  of  the  transformation  increases  as  the  square 
of  the  concentration  of  the  hydrochloric  acid.  The  change  in 
percentage  of  ionization  of  the  hydrochloric  acid  with  the  small 
changes  in  dilution  used  in  these  experiments  is  small  and  hardly 
affects  the  values  of  the  constant. 

Tables  XXXVII.  to  Xlylll.,  inclusive,  are  a  miscellaneous 
set  showing  the  velocity  of  transformation  of  acetylchlor- 
aminobenzene by  sulphuric  acid  and  by  acetic  acid,  and  the 
velocity  of  transformation  of  paratolylacetylnitrogenchloride 
by  hydrochloric  acid. 
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The  investigation  will  be  continued. 

Table  XV. 

20  grams  acetylchloraminobenzene  in  180  cc  glacial  acetic 

acid  and  120  cc  water  at  25°;  8.58  cc  of  5. 49  N  HCl  (1.2  mol) 
added. 

/.                                           NajSjOa.  K. 

o                            4319  

5                               27.32  0.029 

10                                             16.32  0.031 

15                                9-43  0.033 

20                                5  56  0.033 

30                          2.02  0.033 

Average,     0.032 

Table  XVI. 

i.o  gram  acetylchloraminobenzene  dissolved  in  120  cc  glacial 
acetic  acid  and  180  cc  water  at  25°;  7.16  cc.  of  5.49  N  HCl 
(i  mol.)  added. 

t.                                         NagSjOs.  K. 

o                            18.65  

15                                          15-38  0.0057 

30                                12.68  0.0057 

60                                 8.84  0.0057 

75                                7  24  0.0055 

95                                582  0.0055 

120                                4.32  0.0054 

160                                2.62  0.0054 


Average,     0.0055 

Tahle  XVII. 

10  gram  acetylchloraminobenzene  in  90  cc.  glacial  acetic 
acid  and  210  cc  water  at  25°;  7.16  cc.  of  5.49  N  HCl  (i  mol) 
added. 

(.  NajSjOa.  K. 

o  18.68  

60  11.00  0.0038 

95  8.25  0.0037 

120  6.83  0.0036 

150  5-37  0.0036 

180  4.46  0.0035 


Average,    0.0036 
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Table  XVIII. 
10  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  240  cc  water  at  25°;   7.16  cc  of  5.49  N  HCl  (i  mol.) 
added. 

NajSjOj.  K. 


o 

63 

120 
180 
240 

300 


Average,     0.0022 

The  two  following  tables  are  given  to  show  the  temperature 
coefficient  for  the  reaction  at  4°  and  at  25°.  The  velocity  of 
transformation  is  about  3.5  times  as  great  at  25°  as  at  4°. 

Table  XIX. 

1. 10  grams  acetylchloraminobenzene  in  30  cc  glacial  acetic 
acid  and  270  cc  water  at  4°;  1.5  cc  of  6. 59  N  HCl  added. 

/.  Na2S203.  K. 

.60 


61 

15.38 

(0.000 10) 

232 

1529 

0.000038 

482 

15.02 

0.000035 

1 140 

14  50 

0.000027 

1663 

14.06 

0.000027 

Average,     o .  00003  2 
Table  XX. 

1.0  gram  acetylchloraminobenzene  in  30  cc  glacial  acetic 
acid  and  270  cc  water  at  25°;  1.5  cc  of  6.59  N  HCl  added. 

t.  NaaSaOg.  K. 

o  16.17  

120  15.62  0.00012 

270  15.01  0.00012 

438  14.34  0.00012 

600  13-94  o.oooii 

1280  13  01  0.00007 

1783  10.62  o.oooio 


Average,     0.000 11 
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The  following  sets  of  tables  show  the  variation  in  the  ve- 
locity constants  with  variations  in  the  concentration  of  the 
hydrochloric  acid  when  the  concentration  of  the  acetylchlor- 
aminobenzene  is  approximately  the  same  in  all  the  experiments. 


Table  XXI. 

ID  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  237.44  cc.  water  at  25°;  2.56  cc  of  7.68  N  HCl 
(0.5  mol.)  added. 

/.  NaaSsOs.  K. 


0 

60 

iJ-44 
12.30 

0.00064 

150 

10.72 

0.00065 

240 

9.27 

0.00067 

390 

7-44 

0.00066 

580 

6.10 

0 . 00060 

Average,     o .  00064 


Table  XXII. 

10  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  240  cc  water  at  25°;  7.16  cc.  of  5.49  N  HCl  (i  mol.) 
added. 


t. 

Na^SaOa. 

0 

17.92 

63 

12.63 

120 

9  50 

180 

7.21 

240 

5  63 

300 

4.48 

Average,     0.0022 
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Table  XXIII. 

i.o  gram  acetylchloraminobenzene  in  60  cc.  glacial  acetic 
acid  and  240  cc  water  at  25° ;  10.74  cc  of  5.49  N  HCl  (1.5  mol.) 
added. 

/.                                           Na2S203.  K. 

O                                         22. 12  

30                                          17.31  (0.0036) 

60                                          12.34  0.0042 

90                                            9.17  0.0043 

120                                6.88  0.0042 

150                                5.24  0.0041 

180                                4  14  0.0041 


Average,     0.0041 


Table  XXIV. 
1.0  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  240  cc  water  at  25°;  14.49  cc  of  5.45  N  HCl  (  2  mol.) 
added. 

/.  NaaSaOg.  K. 


o 

30 

45 
60 

75 
90 


21.05 
13.66 
10.78 

8.39 
6.62 

5-34 


0.0067 
0.0068 
0.0071 
0.0072 
0.0068 


Average,     0.0069 


Table  XXV. 

1.0  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
add  and  221.86  cc.  water  at  25°;  18.16  cc.  of  5.45  N  HCl 
(2.5  mol.)  added. 

/.                                           NajSaOa.  K, 

o  22.26  

ID                 16.38  0.0133 

20                 12.30  0.0126 

30                  9.14  0.0129 

40                  6.94  0.0127 

50                  5.30  0.0125 


Average,     0.0128 
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Table  XXVI. 

i.o  gram  acetylchloraminobenzene  in  60  cc  glacial  acetic 
acid  and  218.2  cc  water  at  25°  ;  21. 80  cc.  of  5.45  N  HCl  (3  mol.) 
added. 

/.  NajSjOs.  K. 


0 

22.52 

5 

17.81 

0.0204 

10 

14.08 

0.0204 

15 

11.23 

0.0202 

25 

7.16 

0.0199 

40 

3  74 

Average, 

0.0195 

0.0201 

Table  XXVII. 

1.0  gram 

acetylchloraminobenzene 

in  60  cc. 

glacial  acetic 

acid  and  213.4 

cc  water  at  25°;  26.6  cc  of  7.68  N  HCl  (5  mol.) 

added. 

t. 

NaaSaOs- 

K. 

0 

16.13 

3 

9.96 

0.0698 

6 

6.36 

0.0674 

9 

3-93 

0.0681 

15 

1.68 

0.0655 

21 

1.82 

0.0616 

Average,     0.0663 

Table  XXVIII. 

I.o  gram  acetylchloraminobenzene  in  90  cc.  glacial  acetic 
acid  and  20744  cc  water  at  25°;  2.56  cc.  of  7.68  N  HCl 
(0.5  mol.)  added. 

t.  Na2S208.  K. 

o  15.20  

60  12.22  (0.0016) 

120  11-49  o.ooioi 

210  925  0.00102 

330  6.92  0.00103 

480  4.76  0.00105 


Average,     0.00103 
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Table  XXIX. 

i.o  gram  acetylchloraminobenzene  in  90  cc.   glacial  acetic 
acid  and  210  cc  water  at  25°;  7.16  cc  of  5.49  N  HCl  (i  mol.) 


added. 


t.  NajSjOj. 

o  18.68 


60  11.00  0.0038 

95  8.25  0.0037 

120  6.83  0.0036 

150  5  37  0.0036 

i8o  4.46  0.0035 


Average,     0.0036 

Table  XXX. 

1.0  gram  acetylchloraminobenzene  in  90  cc  glacial  acetic 
acid  and  202.32  cc  water  at  25°;  7.68  cc  of  7.68  N  HCl 
(1.5   mol.)  added. 

/.  NajSiiOs.  K. 

o  18.15  

15  13   42  0.0087 

30  9.99  0.0086 

45  7.42  0.0087 

60  5.52  0.0086 

75  4  18  0.0085 


Average,     0.0086 

Table  XXXI . 

1.0  gram  acetylchloraminobenzene  in  90  cc.  glacial  acetic 
acid  and  195.47  cc  water  at  25° ;  14.53  cc  of  5.45  N  HCl  (2  mol.) 
added.  . 

L                                       NajSiOs.                                             K. 
o  22.72  

ID  16.23  0.0146 

20  11-57  0.0147 

30  8.22  0.0147 

55  3  61  0.0145 

80  1.73  0.0148 


Average,     0.0146 
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Table  XXXII. 
i.o  gram  acetylchloraininobenzene  in  90  cc.   glacial  acetic 


acid  and  197  2  cc 

.  water  at  25°;   12.80 

CC 

of  7 

.68  N  HCl  (2.5 

mol.)  added. 

/. 

NajSaOa. 

K. 

0 

17.10 

5 

13.02 

0.0277 

10 

9  97 

0.0234 

15 

7.72 

0.0230 

20 

5.90 

0.0231 

30 

3  60 

Average, 

0.0226 

0.024 

Table  XXXIII. 

1.0  gram  acetylchloraminobenzene  in  90  cc 

.   glacial  acetic 

acid  and  194.64 

cc  water  at  25°;    15 

36 

cc. 

of  7.68  N  HCl 

(3  mol.)  added. 

/. 

Na^Si-Os. 

K. 

0 

17.19 

3 

13.90 

0.0307 

7 

10.34 

0.0315 

II 

7.78 

0.0313 

15 

5.80 

0.0315 

19 

4.32 

0.0316 

Average,  0.0313 

Table  XXXIV. 

1.0  gram  acetylchloraminobenzene  in  90  cc  glacial  acetic 
acid  and  184.4  cc  water  at  25°;  25.6 cc  of  7.68  N  HCl  (5  mol.) 
added. 

t.  NajSjOa.  K. 

o  1795  

2  10.42  O.II8 

4  6.16  O.II6 

6  3-73  0.114 

8  2.29  0.112 

12  0.92  0.108 


Average,     0.114 
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Summary. 

The  two  following  tables  give  a  summary  of  the  preceding 
ones  and  of  Blanksma's  work.  Ordinary  logarithms  were 
used  instead  of  the  natural  system.  The  list  under  "glacial 
acetic  acid"  gives  the  volume  per  cent  of  acetic  acid  used  in 
the  solution.  The  table  under  HCl  gives  the  concentrations 
of  the  hydrochloric  acid,  calculated  as  explained  above.  The 
constants  in  parenthesis  are  the  values  calculated  from  the 
average  constant.  It  will  be  noticed  that  the  agreement  be- 
tween the  calculated  and  found  values  is  very  good.  Blanks- 
ma's table  shows  that  an  increase  of  10  per  cent  in  the  concen- 
tration of  the  acetic  acid  causes  approximately  a  doubling 
of  the  constants. 


294 


Acree  and  Johnson. 


CO  On  ^^ 
so  to  fO  r-^ 

VO  lO  M  ON 

O  O  M  o 


M     OS 

CO  00 

O     ON 

M      -^ 

s 

W      M 

to  CO 

o  o 

0  0 

o\S 

^  S' 

^— V 

^^ 

00    fO  On  « 

(N   to  ro  -^ 

'i 

M     M 
O     O 

03 

CS    C( 

9  9 

OVOVO   '^ 

t-.oo 

•^  10 

s 

09 

9  9 
03 

>^ 

>< 

__^ 

^_^ 

^ 

^ 

, 

M    00 

t^'t^ 

,— 1 

■=4-  rJ-oO  00 

a 

88 

0   0 

88 

0   0 

-§ 

E-. 

C<     M 

VO  'ONJI 

X 

4^ 

S:j  S2 

to  tog 

ifo 

6 
^ 

s 

88881 

N 

OS 

00,! 

Id 

'^ 

> 

^-> 

^-N 

"=^ 

>  c-: 

10  vo 

CO  00 

'^ 

— i* 

VO   lO 

0    On 

V 

s 

8  8 

0    0 

d 

9  9 

9  9 

a 


"^  o   o 

5  (S    to 

o 


PI  G 
<u  a» 
o   o 


Studies  in  Catalysis.  295 

Table  XXXVI.  (Blanksma's). 
HCl. 


Glacial  acetic  acid. 

10  cc. 

15  cc. 

20  cc. 

25  cc. 

20  per  cent 
30       " 
40       " 
50       " 
60 

0.00218 
0.00364 
0.00676 

0.0155 
0.036 

0.00419 
0.00802 

0.0144 
0.0309 

0.00814 

0.0137 

0.0253 

0.0104 
0.0198 

Table  XXXV n. 

The  effect  of  the  suppression  of  ionization  was  studied. 
i.o  gram  acetylchloraminobenzene  in  60  cc.  glacial  acetic 
acid  and  227.2  cc.  water  at  25°;  4.4  grams  of  KCl  (10  mol.) 
and  12.80  cc.  of  7.68  N  HCl  (2.5  mol.)  added.  The  effect 
was  to  increase  greatly  the  velocity  of  reaction. 

/.  NajS203.  K. 

o  16.83  

10  10.84  O.OI9I 

20  6.88  0.0194 

30  4  50  0.0191 

40  2.92  0.0190 

50  1.84  0.0192 


Average,     0.0192 


Table  XXXVIII. 

KCl  alone  causes  very  little  change,  i  gram  acetylchlor- 
aminobenzene in  60  cc.  glacial  acetic  acid  and  240  cc  water  at 
25°;  4.4  grams  KCl   (10  mol.)   added. 

t.                                           NajSaOg.  K. 

o  16.02  

30                        15.74  (0.00025) 

90                             15  64  0.00012 

185                           15.08  0.00014 

300                           14.65  0.00013 

420                             14.00  0.00014 


Average,     0.00013 
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Table  XXXIX. 

Glacial  acetic  acid  alone  causes  very  little  rearrangement; 
I  gram  acetylchloraminobcnzene  in  90  cc  glacial  acetic  acid 
and  210  cc  water  at  25°. 


o 

120 

360 

1380 

1900 

2935 


NajSjOs. 
16.70 
16.63 
16.54 
16.45 
16.41 
16.37 


0.000015 

0.000012 

0.0000048 

0.0000040 

0.0000029 


Table  XL. 

Rearrangement  experiment  with  sulphuric  acid;  i.i  grams 
acetylchloraminobcnzene  in  30  cc  glacial  acetic  acid  and  270  cc. 
water  at  4°;  53  cc.  of  N  H2SO4  added. 

/.  NaaSgOg.  K. 

o  21.37  

4  20.82  0.0028 

36  20.75  0.00036 

103  19-93  0.00029 

960  17.01  o.oooio 

4115  15.88  0.000031 

8190  13.26  0.000025 


Table  XLI. 
0.7  gram  paratolylacetylnitrogenchloride  in  30  cc.  glacial 

acetic  acid  and  270  cc.  water  at  3°;  2.50  cc  of  6.59  N  HCl 
(5  mol.)  added. 

t.                                     NajSzOs.  K, 

o  14.19  

28.12         13  63  0.00062 

58.50         13-10  0.00059 

120.75          12.18  0.00055 

289.87          9.47  0.00061 

420 ,00         7 .  56  o .00065 


Average,     0.00061 
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Table  XLII. 

07   gram  paratolylacetylnitrogenchloride  in   30  cc.    glacial 
acetic  acid  and  260  cc  water  at  35°;  7.82  cc.  of  6.59  N  HCl 
(20  mol.)  added. 
t. 
o 

16.5                             11.05  (0.00092) 

45                            10.96  0.00025 

90                            10.67  0.00025 

150                            10.19  0.00028 

300                               7 .  96  o .  00030 


NaoSsOa. 

11.25 

11.05 

10.96 

10.67 

10.19 

7.96 

A 

Vahle  XLIII 

Average,     o .  0002  7 


06   gram   paratolylacetylnitrogenchloride   in    30  cc.  glacial 
acetic  acid  and  260  cc  water  at  3°;  7. 82  cc  of  5.49  N  HCl 


(20 


mol.) 

t. 

o 

30 

60 

90 

150 

360 


added. 


NaoSjOs 


(0.00043) 
0.00027 
0.00028 
0.00029 
0.00032 


Average,     0.00029 

While  Tables  XLII.  and  XLIII.  agree  very  well,  they  do  not 
harmonize  with  Table  XLI.  and  the  general  results  obtained 
above.  In  Tables  XLL,  XLII.  and  XLIII.  the  concentration 
of  the  hydrochloric  acid  used  was  calculated  from  the  concen- 
tration of  the  paratolylacetylnitrogenchloride. 

GENERAI.    DISCUSSION    OF    THE    HYDROIvYSIS    OF    AMIDKS,    CANE- 
SUGAR,  OXIMES  AND  ESTERS. 

In  the  hydrolysis  of  esters,  cane-sugar,  amides,  amidines, 
nitriles,  oximes  and  related  compounds  we  are  dealing  with 
weak  bases  in  the  presence  of  acids  and  water.  Many  salts 
of  these  weak  bases,  amides,  nitriles,  esters  and  oximes,  have 
been  isolated   and   studied.     The  affinity  constant  for  acet- 
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amide,^  for  instance,  is  3  X  io~'5  at  25°,  and  that  for  pro- 
pionitrile  at  the  same  temperature  is  1.8  X  io~'5.  Xhe  work 
of  Collie  and  Tickle/  Baeyer  and  Villiger,^  Werner,*  Briihl,^ 
Archibald  and  Mcintosh, «  Walden,'  van't  Hofif*  and  many- 
others  leaves  no  doubt  that  esters,  ketones  alcohols,  sugars, 
ethers,  and  organic  acids  are  weak  bases  and  form  tetravalent 
oxygen  salts  which  are  derivatives  of  the  hypothetical  ox- 
onium  hydroxide,  H3OOH.  The  work  of  Sackur,^  Kablu- 
koff,i°  Coehn,ii  Walden.i^  Baeyer  and  Villiger,  Collie  and 
Tickle,  Archibald  and  Mcintosh  and  Walker^^  have  shown 
conclusively  that  these  salts  are  electrolytes,  in  which  the 
tetravalent  oxygen  compound  probably  forms  part  of  the  cathion. 
The  affinity  constant  of  dimethylpyrone  as  a  base,  for  instance, 
was  found  to  be  about  2.4  X  lo"'"*.  In  cane-sugar,  ethers, 
and  similar  compounds  we  have  a  COC  linkage,  which  can 
H 

I 
form  salts,  COC.     There  is  plenty  of  evidence  to  show  that 

I 
01 

all  these  compounds  have  both  basic  and  acid  properties. 

Now  the  work  of  Arrhenius,^*  of  Walker^^  and  of  Shields^* 

has  shown  that  when  these  weak  bases  are  treated  with  acids 

a  small  amount  of  salt  is  formed  according  to  the  following 

equation : 

iCsub ^)    X    Ch       =       KfiydCsalt  dls        =       J^Csaltdis  ,  (l) 

•  Z.  physik.  Chem.,  4,  319.     Ahren's  Sammlung,  Abegg,  8,  183. 
2  J.  Chem.  Soc,  76,  710. 

9  Ber.  d.  chem.  Ges.,  34,  2692;  35,  1201. 

*  Ami.  Chem.  (Liebig),  322,  296.     Ber.  d.  chem.  Ges.,  34,  3300. 

6  Ibid.,  28,  2847,  2866.     Z.  physik.  Chem..  18,  514. 

« Ibid.,  66,  129,     PhU.  Trans.,  206,  99.     J.  Chem.  Soc,  86,  919. 

7  Ber.  d.  chem  Ges.,  34,  4185. 

8  Ansichten  liber  die  Organische  Chemie,  I  Theil,  p.  62,  fol. 
«  Ber.  d.  chem.  Ges.,  36,  1242, 

10  Z.   physik.  Chem.,  4,  429, 

>«  Ber.  d,  chem.  Ges.,  35,  2673. 

'2  Ibid.,  34.  4185;  36,  1764, 

»»  J,  Chem.  Soc,  86,  1098.     Ber.  d.  chem.  Ges.,  34,  4115. 

i<  Z.  physik.  Chem.,  5,  1;  13,  407. 

IS  Ibid.,  4,  319;  32,  137;  J.  Chem.  Soc.  77,  5. 

>"  Z.  physik,  Chem.,  12,  167. 


Studies  in  Catalysis.  299 

in  which,  C^^^^  is  the  original  concentration  of  the  base  in  gram 
molecules  per  liter,  x  the  amount  of  base  transformed  into 
the  other  products  at  any  moment,  (Q^^^  —  x)  the  concen- 
tration of  the  base  at  any  moment,  C^  that  of  the  hydrogen 
ions,  C^aiiai^  that  of  the  dissociated  portion  of  the  salt, 
practically  all  ionized,  K^^^  the  hydrolysis  constant,  K^  the 
affinity  constant  of  the  base  and  K^  the  ion  product  for  water 
at  the  given  temperature.  But  the  amount  of  salt,  C^^^^^^, 
present  in  such  cases  is  extremely  small  and  for  (Q„^  —  x) 
an4  Cff  we  may  substitute,  without  appreciable  error, 
the  values  they  would  have  if  no  salt  were  formed.  In  those 
cases  in  which  Q^wrf/j  ^^  \2iV%&  this  cannot  be  done,  but  the 
concentrations  of  each  substance  can  be  determined  from  (i). 

It  is  the  opinion  of  a  large  number  of  chemists  that  the 
above  salts  are  intermediate  compounds  in  the  catalytic  trans- 
formations spoken  of,  and  that  such  catalytic  reactions  are 
brought  about  solely  because  of,  and  through,  the  formation 
of  such  intermediate  compounds. 

The  work  of  Remsen  and  Reid^  on  the  hydrolysis  of  amides 
by  acids,  and  of  Acree  and  Johnson^  from  theoretical  grounds, 
indicated  an  intermediate  formation  of  an  amide  salt,  the 
cathion  of  which  reacts  with  water  and  forms  an  acid  and  the 
ammonium  ion,  just  as  the  urazole  ion  reacts  with  the  neutral 
ethyl  iodide. 

CH3CONH2  -f  H  +  CI  +  H2O     ^ 

CH3CONH3  +  H2O  +  CI     "^ 

CH3COOH  +  NH,  +  CI. 

This  idea  is  fully  verified  by  the  work  of  Mr.  Sidney  Nird- 
linger  appearing  in  the  succeeding  article  and  by  all  the  data 
of  Ostwald.  Juhus  Stieglitz^  has  further  verified  this  by 
work  on  the  hydrolysis  of  imido  esters  in  the  presence  of  acids, 
in  that  he  showed  that  the  imido  ester  cathion  is  hydrolyzed: 

'  This  Journal,  21,  281 ;  Reid:  Ibid.,  24,  397. 

^Ihid.,  37,  410. 

»  Congress  of  Arts  and  Science,  St.  Louis,  1904,  4.  276. 
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CeH,C(NH)0C2H,  +  H  +  Ci+  H2O    ^ 

CeH5C(NH,)OC2H,  +  H^O  +  CI    ^^ 

CeH^COOC^H,  +  NH,  +  CI. 

Lapworth^  and  then  Bredig  and  Stern^  showed  that  cyan- 
ides act  catalytically  in  causing  such  condensations  as  the 
formation  of  benzoin  from  benzaldehyde,  solely  because  the 
cyanide  ion  unites  with  benzaldehyde  and  forms  a  complex 
anion  which  reacts  with  benzaldehyde  and  yields  benzoin  ahd 
a  cyanide  ion. 

2CeH5CHO  +  K  +  CN     ^ 

C6H,CH(CN)b  +  K  +  CeH.CHO    ^s^ 

CeH.CHOHCOCeH,  -|-  K  +  CN. 

Bredig^  and  Euler*  suggested  that  acids  cause  the  catalytic 
inversion  of  cane-sugar  in  water  solutions,  and  of  diazoacetic 
ester  and  other  esters  in  water  because  the  hydrogen  ions 
unite  with  the  weak  bases,  sugar  and  esters,  and  form  salts 
which  are  hydrolyzed  by  the  water. 

(CaH,A),0  +  H  +  CI  +  HP     ^ 

(C„H,A)20H  +  H,0  +  CI     ^- 

2CeH,30«  +  H  +  CI. 

Luther  and  Sammet^  have  shown  that  the  equilibrum  be- 
tween iodic  acid,  hydriodic  acid,  iodine  and  water  is  between 
the  hydrogen,  iodide  and  iodate  ions  on  the  one  hand  and 
iodine  and  water  on  the  other  and  can  be  expressed  by  the  equa- 
tion 

»  J.  Chem.  Soc,  83,  995. 

2  Z.  Elek.  Chem.,  10,  585. 

^Ibid.,  9,    118;  10,  586;  11,  528. 

■•  Z.  physik.  Chem..  36,  405,  663;  40,  501 ;  47,  356.  -    ^. 

6  Z.  Elek.  Chem.,  11,  293. 
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(H)«(ro3)(T)^ 


(i.)^ 


=     2.8(±o.3)  X  10-47. 


Finally,  Bredig,  Euler/  Abegg,^  Goldschmidt,^  Wegscheider,* 
Zengelis,^  Lapworth,"  Kastle,^  Stieglitz,^  and  Acree  and 
Johnson"  have  discussed  the  saponification  of  esters  and  for- 
mation of  esters  from  the  point  of  view  that  intermediate  ions 
are  the  substances  transformed.  Lap  worth,  Bredig,  Euler, 
Stieglitz,  and  Acree  and  Johnson  have  believed  that  an  ap- 
plication of  the  mass  law  harmonizes  with  the  idea  that  esters 
may  be  saponified  by  water  in  the  presence  of  acids  because 
of  the  intermediate  formation  of  an  ester  cathion  which  is 
hydrolyzed. 


CH3COOR  +  H  +  CI  +  H3O     ZZ 

CH3COOR.H  +  H2O  +  CI     s-^ 

CH3COOH  +  ROH  +  H  +  CI, 

and  Acree  and  Johnson'"  have  shown  from  theoretical  grounds, 
that  the  undissociated  ester  salt  is  not  the  substance  which 
chiefly  is  hydrolyzed. 

If  now,  in  the  catalysis  of  cane-sugar,  esters,  etc.,  we  have, 
in  general,  an  intermediate  salt  formation  and  a  direct  hydrol- 
ysis of  complex  ion,  the  velocity  of  transformation  of  the  cane- 
sugar  must  be  dependent  upon  the  concentrations  of  the  com- 
plex ion  and  the  water,  or 

d^ sub  r.alhion  aX  ry  r^  ^/    r^  /     \ 

t^trans^sxib  cathion     X    ^ H.O  ,       K'^J 


dt  dt 


»  Z.  physik.  Chera.,  36,  405.  663;  40.  501 ;  47,  356. 

2  Z.  Elek.  Chem.,  10,  185. 
•Ibid.,  10,  221. 

*  Z.  physik.  Chem.,  39,  257;  41,  62. 
»Ber.  d.  chem.  Ges.,  34,  198. 

3  See  Mellor's  "  Chemical  Statics  and  Dynamics,"  1904,  p.  289. 

^  Private  communication.   This  Journal,  19,  894.    P.  Am.  Assn.  Adv.  Sci.,  47,  238, 

*  Loc.  cit. 

'■'  This  Journal,  37,  410. 
10  Loc.cit. 
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in  which  — dC^^f,  catkion'^^^^'  ^^  the  small 
hydrolyzed  in  the  time  dt,  C^  ^^  is  the  original  concen- 
tration of  the  water,  and  x  the  amount  of  water  which 
has  been  used  up  in  the  reaction  at  the  time  under  con- 
sideration. The  small  amount  — dC^^g,  cathion  changed  in  dt  is 
exactly  equal  in  gram  equivalents  to  the  small  amount  dx 
of  sugar  and  of  water  changed  in  the  same  time  interval.  We 
may,  therefore,  consider  these  two  equivalent  in  all  of  the 
cases  under  consideration  and  write  dx  for  the  small  amount 
of  substance  transformed  whether  it  be  the  intermediate 
compound  or  the  sugar,  ester,  etc.  The  dx  represents  an  in- 
crease, whereas  — ^^ sub  cathion  represents  a  decrease;  hence  the 
one  is  the  negative  of  the  other. 

In  the  total  reaction,  expressed  by  equations  (i)  and  (2),  we 
are  dealing  with  two  consecutive  reactions.  The  first  is  a  rever- 
sible reaction  involving  what  may  be  considered,  for  practical 
purposes,  a  bimolecularand  a  unimolecular  reaction.  The  second 
is  a  practically  non-reversible  bimolecular  reaction.  Now  the 
concentration  of  C^„5ca/Aw»£  ^^  any  moment  depends  upon 
the  concentrations  of  the  sugar,  hydrogen  ions,  anions,  and 
water,  at  the  moment  and  upon  the  velocities  of  the  first  and 
second  reactions.  Now  the  first  reaction  is  the  neutraliza- 
tion of  a  base  by  an  acid,  and  all  such  reactions  take  place, 
as  a  rule,  immeasurably  rapidly.  The  second  reaction  is 
therefore  very  slow  in  comparison  with  the  first,  and  the  equilib- 
rium expressed  in  equation  (i)  is  never  appreciably  disturbed 
by  the  change  in  the  concentration  of  Q„5^„^^,^,,  in  reaction  (2). 

It  is  evident  then,  from  (i),  that  we  can  substitute 

^nr-iCsub  —  x)  X  Ch 
for  C,„6,«Mfo«  in  (2)  and  we  then  get  '^       ' 

i^       =       Ktrans-^{Csub X)    X    C// X   (Cz/.q— X)  .        (3) 

But  this  is  exactly  the  relation  found  experimentally  for  the 
hydrolysis  of  amides,  inversion  of  cane-sugar  and  the  saponi- 
fication of  esters.     It  is  evident,  then,  that  intermediate  sugar 
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cathions,  ester  cathions,  amide  cathions,  etc.,  may  be  the 
substances  chiefly  undergoing  hydrolysis. 

But  Acree  and  Johnson'  have  shown,  further,  that  the  un- 
dissociated  sugar  salt,  ester  salt,  or  amide  salt  is  certainly  not 
the  substance  chiefly  undergoing  hydrolysis. 

If  such  were  the  case  the  velocity  of  transformation  of  the 
sugar,  ester  or  amide  would  be  proportional  to  the  concentra- 
tions of  the  undissociated  salt  and  the  water,  or 

(^Csali  nnd  dx  .,    r  r-  \  r    \ 

i^lrans^salt  and   X    {L.//^o — -X).       {^) 


dt  dt 

But  the  undissociated  salt  is  in  equilibrium  with  its  ions  and 

Csalt  dls   X    Cci      =       Kaffin  Csalt  und-  (s) 

By  substituting  in  (4)  the  value  of  Qa/^„„rf  derived  from 
(i)  and  (5)  under  the  same  conditions  discussed  above  for  the 
sugar  cathions,  we  derive 

-^     =     ^       ^ — {Csub  —  x^  X  Ch^  Cci  X  {Ch.o—x)  = 

K{Csub-x)  X  Q  X  {C„,o  —  x).  (6) 

But  equation  (6)  does  not  correspond  to  the  facts  found  ex- 
perimentally. The  velocity  of  saponification  of  esters,  amides 
and  cane-sugar  is  not  proportional  to  the  square  of  the  concen- 
tration of  the  hydrogen  ions,  but  simply  to  the  concentration. 
Since  in  a  water  solution  of  the  weak  bases,  cane-sugar,  esters 
amides,  oximes  and  acids  there  are  present  (i)  the  free  base, 
that  is,  the  sugar,  ester,  etc. ;  (2)  the  undissociated  salt ;  and 
(3)  the  dissociated  salt;  one  of  these  three  must  be  the  sub- 
stance hydrolyzed.  Since  the  free  base,  that  is,  the  cane-sugar 
etc. ,  and  the  undissociated  salt  are  not  chiefly  concerned  in  the 
hydrolysis,  it  is  evident  that  the  substance  undergoing  hy- 
drolysis must  be  the  complex  cathion  formed  by  the  union  of 
hydrogen  ions  with  cane-sugar,  esters  amides,  oximes,  etc. 
The  equations  worked  out  above  are  not  exact,  but  the  errors 
involved  in  using  them  are  probably  within  the  limits  of  ex- 
periment.    An  exact  application  of  the  mass  law  would  lead 
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to  very  complex  equations  which  would  hardly  lend  themselves 
to  a  practical  solution  of  the  problem  with  the  data  now  at 
hand. 

We  are  now  in  a  position  to  discuss  the  evidence  bearing  on 
each  of  the  above  catalytic  reactions, 

ON  THIi  INVERSION  OF  CANE-SUGAR  IN   AQUEOUS  SOLUTIONS   OF 
ACIDS. 

Ostwald/  Cohen,2  Smith ,3  Wilhelmy,"  Arrhenius,^  Uhrech," 
Spohr'  and  Trevor^  have  shown  that  aqueous  solutions  of 
cane-sugar  are  hardly  affected  by  pure  water,  but  inversion 
of  the  sugar  takes  place  upon  the  addition  of  acids,  although 
the  acid  is  not  used  up  in  the  reaction. 

The  velocity  of  inversion  by  acids,  or  by  water,  is  almost 
exactly  proportional,  in  dilute  solutions,  to  the  concentration 
of  the  hydrogen  ions,  and  is  expressed  by  the  equation 

^       =       K(Csu^ar  —  x)    X    (Ch,0  —  x)    X    Off.  (l) 

In  dilute  solutions,  since  C^  and  (C^  q — x)  are  approximately 
constant  the  reaction  is,  apparently,  one  of  the  first  order. 
In  more  concentrated  solutions,  since  the  factor  (C^„(3 — x) 
changes  appreciably  in  value,  the  reaction  proves  to  be  one  of  the 
second  order.  Now  cane-sugar  has  the  same  "ether"  linkage, 
COC,  common  to  a  large  number  of  oxygen  compounds  which 
have  been  shown  to  have  basic  properties,  and  it  might  be  ex- 
pected to  form  tetravalent  oxygen  salts  of  the  same  general 
type,  Rp.HCl, 

Unfortunately,  cane-sugar  is  not  soluble  in  the  solvents 
from  which  we  could  expect  to  precipitate  its  hydrochloride. 
But  Hantzsch^  has  shown  that  cane-sugar,  just  as  dimethyl- 

>  J.  prakt.  Chem.  [2],  29.  385;  [2],  31,  307. 
»  Z,  physik.  Chem.,  28.  145. 
*Ibid.,   25.  144,  193. 
*  Pogg.  Ann.,  81,  413.  499. 
»Z  physik.  Chem.,  4,  226, 

«Bcr.  d.  chem.  Ges.,  13,  1696;  15,  2130,  2457,  2687;  16,  762;  17,  47,  495.  2165; 
18,  3047;  20,  1836;  22,  318. 

7  J.  prakt.  Chem.  [21,  32,  32;  [2],  33,  265. 

8  Z.  physik.  Chem.,  10,  321. 
»Ber.  d.  chem.  Ges.,  38,  2143. 
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pyrone,  glucose  and  other  weak  bases,  lowers  to  a  small  ex- 
tent the  conductivity  of  sulphuric  and  hydrochloric  acid  solu- 
tions. Dulcite^  forms  a  hydrochloride,  a  hydrobromide,  and 
a  hydriodide  which  can  be  isolated. 

Furthermore,  sugars  show  their  basic  properties^  in  forming 
complex  salts,  as  Rosenheim^  has  pointed  out.  We  are, 
therefore,  justified  in  concluding  that  sugars  do  form  a  very 
small  amount  of  salt  in  acid  solutions.  Of  course  the  cane- 
sugar  is  such  a  weak  base  that  these  salts  would  be  nearly 
completely  hydrolyzed. 

The  relation  between  the  concentrations  of  the  sugar,  acid 
and  salt  formed  are  expressed  as  follows: 


(CeH,,0,)P  +  H  4-  CI     ^Lt     (CeH,^0,),OH  +  Cl    ^ 
(CeH,A)20.Hc/, 


(C,-x)  XCh=  KnydC,  =  ^Cs 

and  {C,-x)  XC^X  Cci  =  ^^^C^,  (2) 

in  which  Q  represents  the  initial  concentration  of  the  sugar, 
Q  the  concentration  of  the  complex  sugar  cathion  at  the  mo- 
ment considered,  and  C„^  that  of  the  undissociated  complex 
sugar  salt.  The  amount  of  sugar  changed  into  salt  is  so  small 
that  (C/, — X),  Cfj  and  C^^have  practically  the  value  which  they 
would  have  if  no  salt  were  formed. 

If,  now,  the  complex  sugar  cathion  is  hydrolyzed  by  the 
water  according  to  the  following  equation,  in  which  C,  and 
{Cfj^^Q  —  ^)  represent 

(CeH.,0,)20H  +  H3O     =-^     2CeH,A  +  H, 
or 

'  Bouchardat:  Compt.  rend.,  74,  866.     Ann.  Chim.  Phys.  [4l,  27,  145. 
2  Peligot:  Compt.  rend.,  7,  106.     Ann.  Chim.  Phys.  [21,  67,  113;  Violette:  Compt. 
rend.,  76,  485.     Maumen6:  BuU.  Soc.  Chim.  \2\,  19,  289. 

'Her.  d.  chem.  Ges.,  34,  3377;  35,   1115;  36,   1833;  37,  3662;  38,  2777. 
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—^'     =      ~^l       =       ^transCs   X    {C H.O  —  x) ,  (3) 

the  concentration  of  the  cathion  and  the  water  at  any  given 
moment,  it  follows  from  (2)  that  we  can  substitute  for  C^ 
the  value 


f^  {Cb-x)  X  C„ 


and  we  then  get 


^     =     K,,a,„^'   iCt-x-)  XChX  {C„,o-x),       (4) 

at  A  a/ 

which  is  actually  what  is  found  experimentally. 

But  if  the  undissociated  salt  were  the  substance  undergoing 
hydrolysis, 

(CeH,A)20.HCl  +  H3O     =-^     2CeHi206  +  H  +  CI 


-dC„  dx        ^       KtransC,n    X    {Ch.O-x),  (5) 


dt  dt 

it  follows  from  (2)  that  we  can  substitute   for  C^  the  value 
Kb 


and  we  then  get 


{Cb  —  x)  XChX  Cci, 


(Cb  —  x)  XChX  CciX  {C„,o-x),  (6) 


dx         K trans  Kb 

dt  K:uj  Kaffiti 

in  which  (C^  —  x)  is  the  concentration  of  the  sugar  at  any 
moment  and  (C^^o  —  x)  is  that  of  the  water.  In  dilute  solu- 
tions, {CffQ  —  X)  hardly  changes  in  value,  and  the  reaction  ap- 
pears to  be  monomolecular. 

But  equation  (6)  does  not  express  the  quantitative  relations 
actually  found  to  hold  experimentally.  It,  therefore,  follows 
that  the  undissociated  salt,  C^,  cannot  be  the  substance  which 
is  chiefly  undergoing  hydrolysis,  although  it  may  do  so  to  a 
small  extent. 
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We  are  then  led  back  to  the  idea  that  (i)  the  amount  of  com- 
plex cathion  is  directly  proportional  to  the  product  of  the  con- 
centrations of  the  sugar  and  of  hydrogen  ions,  whether  the 
hydrogen  ions  came  from  strong  acids,  weak  acids  or  water; 
(2)  the  velocity  of  inversion  of  cane-sugar  is  also  proportional 
to  the  product  of  the  concentrations  of  the  sugar  and  of  the 
hydrogen  ions.  It  is,  therefore,  possible,  and  from  the  above 
evidence  probable,  that  cane-sugar  is  inverted  or  hydrolyzed 
in  aqueous  solutions  containing  hydrogen  ions  because  the 
hydrogen  ions  first  unite  with  the  sugar  and  form  a  com- 
plex cathion  which  is  then  decomposed  by  the  water  into  glu- 
cose, fructose  and  hydrogen  ions. 

Exactly  analogous  to  the  inversion  of  cane-sugar  and  other 
sugars  is  the  hydrolysis  of  the  diethylacetal  of  glyceric  alde- 
hyde,* 

CH2OHCHOHCH  (OCaHJa, 

a-methylglucoside,2 

H 
CH,OHCHOHCH(CHOH)2COCH3, 

I  I 

I O 

and  other  similar  compounds  by  dilute  aqueous  solutions  of 
acids.  These  substances  are  not  hydrolyzed  in  alkaline  solu- 
tions. In  all  of  these  cases  the  "ether  linkage"  seems  to  be 
the  point  of  attack.  This  would  be  expected  if  intermediate 
salt  formation  takes  place  and  is  followed  by  hydrolysis,  as 
discussed  above: 

H  +       _ 

CH20HCHOHCH(CHOH)2COCH3  +  H  -f  CI  +  H^O  *-^ 

I  i  ^ 

1 O 

H     + 
CH20HCHOHCH(CHOH)2C— OCH3  -f  CI  -f  H^O  fi^ 
I  I      H 

I O 

»  Wohl:  Ber.  d.  chem.  Ges.,  31,  1796. 
2  Fischer:  Ibid.,  26,  2400;  27,  2478. 
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H  -,        - 

CH20HCHOHCH(CHOH)2— C— OH  +  H  +  CI  +  CH3OH. 

I  I 

I o 

ON  THE  REACTIONS  OF  CARBONYL    COMPOUNDS  WITH    HYDROXYL- 
AMINE  AND  WITH  HYDROXY^AMINE  HYDROCHLORIDE. 

Theoretical. 

Ketones  and  aldehydes  react  with  hydroxylamine  and  form 
oximes.  Nothing  has  been  known  up  to  this  time  of  the  ra- 
pidity or  order  of  the  reaction  of  various  carbonyl  compounds 
with  the  hydroxylamine.  In  Victor  Meyer's^  directions  for 
making  acetoxime  from  acetone  and  hydroxylamine,  the 
mixture  stood  over  night.  We  have  found,  however,  that  the 
reaction  is  practically  finished  in  a  few  minutes  at  100°  and  in 
2  hours  at  65  °.  The  reaction  is  approximately  one  of  the  sec- 
ond order.  Although  the  reaction  certainly  goes  nearly  to 
completion,  it  seems  to  be  reversible. 

(CH,)2C0  4-  NH2OH     ^      (CH3)2C  :  NOH  +  H^O       (i) 

Since  diethyl  ketone  reacts  more  slowly,  and  acetaldehyde 
more  rapidly,  with  hydroxylamine  than  does  acetone,  it  is 
probable  that  the  so-called  space  interference  influences  these 
reactions.  The  velocity  constant  for  the  reaction  between 
acetaldehyde  and  hydroxylamine  in  o.i  N  solutions  at  io°.5 
is  0.035.  The  constant  for  o.i  N  acetone  and  o.i  N  hydroxyl- 
amine at  1°  is  0.0040,  while  at  65°  it  is  o°.o6o.  The  constant 
for  0.1  N  diethylketone  and  0.1  N  hydroxylamine  at  35°  is 
0.005,  while  at  65°  it  is  o.oio.  These  constants  are  calculated 
on  the  assumption  that  the  reaction  goes  to  completion.  This 
is  probably  not  true,  as  the  reaction  seems  to  be  reversible; 
but  the  reaction  goes  so  nearly  to  completion  that  only  a  small 
error  is  involved  in  the  assumption  made  above. 

When  hydrochloric  or  hydrobromic  acid  is  added  to  a  mix- 
ture of  acetone  and  hydroxylamine,  the  reaction  progresses  far 
more  rapidly,  just  as  is  the  case  in  ester  catalysis,  cane-sugar, 

»  Ber.  d.  chem.  Ges..  16,  1324. 
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inversion,  etc.  This  at  once  makes  us  suspect  that  the  hydro- 
chloric acid  acts  as  a  catalytic  agent  because  it  acts  upon  the 
base  hydroxylamine  and  produces  a  greater  concentration 
of  the  hydroxylammonium  ions,  which  then  react  more  rapidly 
with   the   acetone. 

(CH3)2CO  +  NHjOH  -f  H  +  C 1     ^ 

(CH3)2CO  +  NH3OH  +  CI     ^ 

(CH3)2C(OH)NH20H  +  CI     ^ 

(CH3)3C  :  NOH  +  CI  +  H^O     ^ 
H 

(CH3)2C  :  NOH  +  H  +  CI  +  H^O  (2) 
Strangely  enough,  however,  when  hydrochloric  acid  is  ad- 
ded to  accelerate  the  reaction  the  process  does  not  go  to  com- 
pletion as  it  practically  does  when  no  acid  is  present.  The 
reason  for  this  is  now  clear.  In  the  presence  of  hydrochloric 
acid  acetoxime  is  partly  hydrolyzed  into  acetone  and  hydroxyl- 
amine hydrochloride.  Janny's*  statement  that  acetoxime  is 
completely  hydrolyzed  by  hydrochloric  acid,  and  similar 
statements  in  text-books,  are  erroneous.  We  have  found  that 
a  large  excess  of  acid  is  not  sufficient  to  hydrolyze  the  acetox- 
ime completely.  In  fact  there  is  always  an  equilibrium  es- 
tablished and  the  equilibrium  point  is  the  same  whether  acet- 
oxime is  treated  with  a  given  amount  of  hydrochloric  acid 
at  a  given  temperature,  or  the  equivalent  quantities  of  ace- 
tone, hydroxylamine  and  hydrochloric  acid  are  brought  to- 
gether under  the  same  conditions. 

Especially  important,  however,  is  the  fact  that  a  change 
in  the  amount  of  hydrochloric  acid  effects  a  change  in  the  equi- 
librium in  the  system  expressed  in  the  following  equation : 

(CH3)2C  :  NOH  -f  H  +  CI  +  Hp    ^ 

.    (CU,\C  :  NHOH  -f  H^O  +  CI    ^ 

(CH3)2C^NH20H  +  CI     ^ 

(CHa)2CO  +  NH3OH  +  CI     (3) 

>  Ber.  d.  chem.  Ges.,  16,  170. 
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The  water  is  probably  added  to  the  double  bond  in  all  such  re- 
actions before  the  products  of  hydrolysis  are  formed.  It 
has  been  found  that  an  increase  in  the  amount  of  hydro- 
chloric acid  causes  a  very  decided  increase  in  the  amount  of 
hydroxy lamine  hydrochloride,  although  the  addition  of  sev- 
eral molecules  of  hydrochloric  acid  does  not  cause  complete 
hydrolysis  of  the  acetoxime.  This  is  a  very  important  case 
and  probably,  with  the  one  of  Bauer  and  Voermann,^  is  the 
confirmation  of  the  ideas  advanced  by  Acree  and  Johnson, - 
that  in  some  reversible  reactions  it  will  be  found  that  a  change  in 
the  concentration  of  the  catalyzer  will  produce  a  change  in 
the  equilibrium  of  the  system.  That  there  is  a  real  change 
in  the  equilibrium  was  shown  quite  definitely  by  the  fact  that 
the  same  equilibrium  point  is  established  whether  the  acid 
be  added  to  acetoxime  in  solution  or  to  the  equivalent  concen- 
trations of  acetone  and  hydroxylamine.  The  cause  of  this 
change  in  equilibrium  is  probably  the  following.  The  acet- 
oxime is  a  very  weak  base,  as  has  been  established  by  Walker.^ 
There  is,  however,  an  error  in  Walker's  work,  due  to  the  fact 
that  he  did  not  take  into  consideration  the  hydrolysis  of  the 
acetoxime  and  the  formation  of  hydroxylamine  hydrochloride 
which  is  far  less  hydrolyzed  than  the  acetoxime.  The  acetox- 
ime is  a  very  weak  base  and  its  hydrochloride  is  greatly  hy- 
drolyzed in  water  solution.  We  have  been  able  to  show  this 
by  the  simple  process  of  titrating  0.1243  gram  acetoxime  in 
10  cc.  water  containing  methyl  orange  with  o.  i  N  hydrochloric 
acid;  it  requires  only  0.25  cc.  of  the  total  molecular  quantity, 
17.00  cc,  to  give  the  solution  a  pink  color.  In  the  solution 
of  the  acetoxime  and  hydrochloric  acid  there  can  be  only 
a  small  amount  of  the  acetoxime  cathion,  which  could  be 
calculated  if  the  affinity  constant  of  the  base  were  known. 
If  the  data  in  the  experimental  portion  were  a  little  more 
accurate  they  could  be  used  to  determine  the  affinity  constant 
of  the  acetoxime.  The  small  amount  of  acetoxime  cathion 
is  almost  surely  the  substance  in  equiUbrium  with  the  hydroxyl- 
ammonium  ion  and  acetone  as  follows: 

«  Z.  physik.  Chem..  62,  467. 
»  This  Journal,  37,  410. 
»  Z.  physik.  Chem  ,  4,  330. 
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(CH3)2C  :  NHOH  +  H^O     ^     (CH3)2CO  +  NH3OH. 

But  the  hydroxylamine  is  such  a  strong  base  that  its  hydro- 
chloride is  practically  not  hydrolyzed  at  all  and  reacts  only 
faintly  acid  to  methyl  orange.  The  addition  of  more  hydro- 
chloric acid  then  causes  the  formation  of  more  acetoxime 
cathion  from  the  acetoxime  then  present,  but  does  not  change 
appreciably  the  concentration  of  the  hydroxylammonium 
ions  then  present.  Since  this  acetoxime  cathion  formed  must 
change  to  conform  to  the  equilibrium  expressed  above,  more 
acetone  and  more  hydroxylammonium  ions  must  be  formed 
from  the  acetoxime  cathion  and  water  to  restore  the  equi- 
librium. Since  the  hydroxylammonium  ion  is  not  appreciably 
changed  into  hydrogen  ions  and  hydroxylamine,  the  change 
in  equilibrium  is  accompanied  by  disappearance  of  the  hydro- 
gen ions.  Of  course  the  real  equilibrium  between  the  acetoxime 
cathion  and  the  acetone  and  hydroxylammonium  ion  is  not 
changed,  but  the  apparent  equilibrium  between  the  acetone, 
total  hydroxylamine,  salt,  and  total  acetoxime  and  salt  is 
changed. 

The  fact  that  the  equilibrium  is  changed  in  Tables  XXIX. 
to  Xl^II.by  change  in  concentration  of  the  acid  is  of  very  great 
importance  in  the  theory  of  the  catalytic  influence  of  acids 
on  reversible  reactions.  Practically  the  only  well-known 
reversible  reaction  influenced  catalytically  by  hydrogen  ions 
is  the  reversible  reaction  between  organic  acids  and  alcohols 
on  the  one  hand  and  esters  and  water  on  the  other.  In 
this  reaction  the  equilibrium  is  not  disturbed  appreciably  by 
change  in  the  concentration  of  the  hydrogen  ions.  The  reason 
for  this  is  that  little  of  the  hydrogen  ions  unites  with  either  or- 
ganic acid  or  ester,  whereas  in  the  work  quoted  above  on  the 
saponification  of  the  oxime,  nearly  all  of  the  hydroxylamine 
exists  in  the  form  of  cathions.  This  subject  will  be  treated 
in  detail  in  the  section  dealing  with  esterification  and 
saponification. 

Furthermore,  the  very  interesting  fact  was  established  that 
the  equilibrium  in  a  given  system  changes  with  temperature. 
A  rise  in  temperature  from  io°.5  to  92°  produces  a  gradual 
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increase  in  the  amount  of  hydroxylamine  hydrochloride  and 
acetone  necessary  for  equilibrium  with  the  acetoxime  hydro- 
chloride, the  equilibrium  at  the  higher  temperatures  being 
established  very  quickly.  A  decrease  in  temperature  brings 
about  the  reverse  process,  and  the  same  equilibrium  is  found 
at  a  given  temperature  as  was  established  when  the  temper- 
ature was  rising.  It  is  very  probable  that  the  decided  appar- 
ent increase  with  rise  in  temperature  in  the  affinity  constant 
of  acetoxime  recorded  by  Walker  is  due  to  the  above  causes. 
With  rise  in  temperature  there  is  an  increase  in  the  amount  of 
the  hydroxylamine  and  its  hydrochloride.  Since  hydroxyl- 
amine is  a  much  stronger  base  than  acetoxime,  a  greater  per- 
centage of  the  hydrogen  ions  disappear  in  the  formation  of 
hydroxylammonium  ions  at  the  higher  temperature,  and  hence 
the  acetoxime  seemed  to  Walker  to  be  a  stronger  base  than 
it  really  is.  The  point  is  that  at  the  higher  temperature 
the  hydrogen  ions  do  not  disappear  in  the  formation  of  acetox- 
ime cathion,  but  in  the  formation  of  hydroxylammonium  ions. 
The  change  in  equilibrium  with  change  in  temperature  may 
be  the  result  of  exothermic  or  endothermic  reactions,  or  change 
in  the  affinity  constant  of  the  bases  with  change  in  tempera- 
ture, or  may  come  from  other  causes,  which  can  only  be  de- 
termined by  further  work. 

That  there  is  really  equilibrium  between  the  acetone  and 
hydroxylammonium  ions  on  the  one  hand  and  the  acetoxime 
cathions  on  the  other  in  a  solution  of  these  substances  is  shown 
further  by  the  fact  that  the  addition  of  acetone  to  the  solu- 
tion causes  a  decrease  in  the  amount  of  hydroxylamine  hy- 
drochloride, whereas  the  addition  of  hydrochloric  acid  causes 
an  increase  in  the  concentration  of  the  hydroxylamine  hy- 
drochloride and  its  ions.  If  equation  (3)  really  represents 
the  reaction  we  can  express  the  equilibrium  condition  by  equa- 
tion (4), 

f-' acetone    X    *~-hydam      tv-  /.\ 

^acoxcat 

in  which  C„,,,,„„  C^^j„„  and  C,,,^,,,  represent  the  concen- 
trations of  the  acetone,  hydroxylammonium  ions  and  acetox- 
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ime  cathions,  respectively.  Now  the  concentrations  of  the 
acetone,  hydroxylamine  ions  and  total  acetoxinie  and  its  salt 
can  be  determined  analytically  at  any  moment  by  the  above 
method.  But  the  value  of  C^^o^ra/!  ^^^  ^^^  be  determined 
accurately  by  the  analytical  method  employed  in  the  present 
communication.  A  very  close  approximation  can  be  made 
to  it,  however,  when  the  concentrations  of  the  acetone,  hy- 
droxylamine and  hydrochloric  acid  have  somewhere  near  the 
same  values. 

Since   the   acetoxime   is   a   very  weak    base,   the   value   of 


(CH3),C  =  NHOH     ^     (CH3)C  =  NOH  +  H 

f-acoxcat         ^^  K'  (  K\ 

^acox  X  C/f 

is  a  very  small  part,  probably  only  about  5  per  cent  of  the 


K'  Cacox    X  Ch, 
and  we  then  get  equation  (6). 

^acetone     X    ^hydam  j^r^i  r^n  r  ^\ 

C„„  X  C„  =     KK      =     K.  (6) 

That  this  equation  holds  very  well  experimentally  is  made 
evident  by  a  glance  at  Tables  XXV.  to  XLV.  The  value  of 
K"  is  about  1.25  when  the  concentrations  of  the  substances 
do  not  vary  widely.  But  when  an  excess  of  acid  is  added,  the 
value  of  the  constant  decreases  considerably  as  was  predicted. 
The  reason  for  this  is  that  with  the  addition  of  the  acid  the 
percentage  of  increase  in  C^  is  much  greater  than  the  percentage 
of  decrease  in  C„^„^,  and  consequent  increase  in  C^^g^g^g  and 
^hydano  ^^^  hcncc  the  valuc  of  K"  decreases.  But  if  we 
knew  the  value  of  C^^^^^^^  and  could  substitute  the  data  in 
equation  (4)  there  is  hardly  any  doubt  that,  with  a  good  an- 
alytical method,  good  constants  could  be  obtained.  The 
fact  that  equation  (6)  gives  a  fair  constant,  which  decreases 
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with  large  increase  in  C^,  shows  that  equation  (2)  represents 
the  real  equilibrium  conditions. 

That  equation  (2)  represents  the  real  equilibrium  condi- 
tion which  may  be  written  simply  in  the  following  equation^ 

(CH3)2CO  +  NH3OH     ^     (CH3)2C  =  NOH  -f  H,    (7) 

because  the  concentration  of  the  water  hardly  undergoes 
change,  is  further  shown  by  the  data  in  Tables  XI.  to  XVI. 
inclusive. 

When  acetone  and  hydroxylamine  hydrochloride  are  brought 
together  in  equivalent  quantities,  equation  (7)  should  repre- 
sent the  reaction,  and  the  following  differential  equation  should 
represent  the  course  of  the  reaction,     ^^j^  ^/yi^itiK 

'  fo.  770 

^     =     K{A-xy-K,%.^'  (8) 

A  is  the  original  concentration  of  the  acetone  and  hydroxyl- 
amine in  gram  molecules  per  liter,  x  is  the  change  in  con- 
centration of  each  in  the  time  t,  K  is  the  velocity  constant 
for  the  reaction  on  the  left  in  equation  (7)  and  K^  the  velocity 
constant  for  the  reaction  on  the  right.  When  acetoxime  and 
acids  are  brought  together  and  react  according  to  equation 

(7)  the  same  differential  equation  (8)  can  be  used.     Equation 

(8)  can  be  written  in  the  form: 


—  =  K 

dt  \  r^t  )  ^ 

„    fKA^,      2KAS 

^1  !    V 
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Reference  to  Tables  XI.  to  XVI.  shows  that  equation  (9)  gives 
as  nearly  a  constant  value  for  K,  as  the  errors  of  the  method 
will  permit.  A  further  discussion  of  this  reaction  will  be  given 
in  a  subsequent  paper. 

The  action  of  carbonyl  compounds  on  the  free  bases  and 
salts  of  oximes,  hydrazines,  semicarbazides  and  amines  is  be- 
ing continued  in  this  laboratory. 

EXPERIMENTAL. 

Preparation  of  Acetoxime. 

Twenty-five  grams  of  hydroxylamine  hydrochloride  were 
dissolved  in  30  cc.  water  at  5°  and  added  to  a  solution  of  15 
grams  of  sodium  hydroxide  in  20  cc.  water  at  5°;  25  grams  of 
acetone  were  then  added.  The  temperature  immediately 
rose  to  45°.  The  mixture  was  then  warmed  for  30  minutes 
at  60°,  and  then  cooled  in  ice.  When  the  precipitate  of  acet- 
oxime was  filtered  off  and  dried,  it  weighed  22  grams.  When 
it  was  recrystallized  twice  from  water  it  melted  at  60°  to  62°. 
0.1243  gram  in  10  cc.  water  required  0.25  cc.  o.i  N  hydrochloric 
acid  to  give  a  pink  color  with  methyl  orange. 

Analytical  Method. 

In  the  two  following  tables  there  is  given  a  general  resume 
of  the  experiments  instituted  to  learn  the  best  analytical 
method  for  the  following  reactions.  It  was  apparent  from 
the  work  of  Adams^  and  Haga,^  that  the  iodometric  method 
is  far  better  than  the  one  involving  the  use  of  Fehling's  solu- 
tion. Since  the  work  of  Adams  leaves  no  doubt  that  the  use 
of  sodium  phosphate  in  the  iodometric  method  is  better  than 
the  use  of  sodium  bicarbonate  we  carried  out  a  number  of  ex- 
periments to  ascertain  the  best  concentrations  of  sodium  phos- 
phate, iodine,  etc.,  for  our  purpose.  The  tables  show  how  the 
amount  of  iodine  required  varies  with  the  other  conditions 
when  the  iodine  is  added  to  the  hydroxylamine  solution.  Since 
the  hydroxylamine  reacts  nearly  quantitatively  with  the  io- 
dine according  to  the  equation 

'  This  Journal,  28,  200. 
2  J.  Chem.  Soc,  61,  794. 
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2NH,0H  +  2I2     s-^     N2O  -I-  H,0  +  4HI, 

one-half  the  molecular  weight  of  hydroxylamine  hydrochlor- 
ide is  the  number  of  grams  used  in  a  liter  to  make  the  normal 
solutions. 

The  method  finally  adopted  was  the  addition  of  about  10  cc. 
of  the  hydroxylamine  solution  to  an  excess  of  iodine  in  10  cc. 
of  10  per  cent  sodium  phosphate  solution,  and  titration  of  the 
excess  of  iodine  with  o.  i  N  sodium  thiosulphate  solution.  The 
results  are  given  in  Table  III.  All  the  necessary  check  experi- 
ments were  made  to  show  that  small  quantities  of  sodium 
phosphate,  sodium  dihydrogen  phosphate,  acetoxime  and 
acetone  were  without  much  influence  on  the  titrations.  The 
method  is  poor  but  is  sufficiently  accurate  to  make  the  pre- 
liminary study  of  the  problem. 

Table  I. 


Cc.  0.0S51  N 
NHoOH.HCl 

Cc.  0.0858 

N  idoine  required. 
NajHP04. 

solutioti.                        ' 

0.3  gram 

0.5  gram. 

Excess. 

ID                              8.69 

10.54 

10 

12 

10                              8.72 

II 

07 

ID                        9 . 60 



ID 

94 

7                     

Calculated  10  cc. 

7-75 
c.  iodine. 

=  9.96  C 

Table  II 

Cc.  0.0853  N  iodine  required 
Na2HP04. 

Co.  0.1008  N 
NH2OH. 

HCl.        0.5  gram.      0.7  gram. 

I  gram. 

I  gram+Scc. 
2  grams,     o.i  N  KOH. 

10  cc. 
ID  per  cent 
solution. 

10          12.65          12.65 

13-41 

13.66 

13 

00 

12.87 

10          12. 02          12.67 

13-39 

13.83 

12 

96 

13.13 

ID          12.19          12.65 

13    15 

13.82 

12 

95 

13.10 

ID          12.21          12.74 

13.20 

13.06 

ID                                12.85 

13.20 

13.07 

10                                13.15 

13.28 

12.97 

10                                12.96 

13.20 
12.82 
12.85 

Calculated  lo  cc. 

=  11-79 

cc.  iodine 
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Table  lit. 

Cc.  0.1008  N 
NH2OH.HCI. 

Cc.  0.0853  N 
iodine  required. 

10 
10 
10 
10 

13    38 
I3I9 
13-31 
I3I9 

Calculated 

10 

cc. 

11.79  cc. 

iodine. 
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In  all  of  the  following  work  on  the  reactions  between  car- 
bonyl  compounds  and  hydroxylamine,  the  amount  of  hydroxyl- 
amine,  or  its  hydrochloride,  left  unchanged  in  10  cc.  of  the 
solution,  corresponds  to  the  number  of  cc.  iodine  required. 
Since  the  tables  give  also  the  amount  of  iodine  required  for  the 
total  hydroxylamine  added,  or  for  that  formed  by  the  com- 
plete hydrolysis  of  the  acetoxime  added,  it  is  evident  that 
these  data  enable  us  to  calculate  the  concentrations  of  the  ace- 
tone, hydroxylamine  and  acetoxime.  In  practically  all  cases 
the  concentrations  used  are  such  that  about  12.50  cc.  o.i  N 
iodine  would  be  required  to  react  with  the  total  amount  of 
hydroxylamitie,  free  and  combined.  In  order  to  save  space, 
therefore,  we  have  desisted  from  giving  this  enormous  amount 
of  data  in  the  tables,  and  have  furnished  only  the  figures 
necessary  to  calculate  the  results. 

Velocities  of  the  Reactions  between  Hydroxylamine  and  Carbonyl 
Cdmpoimds. 

The  solution  of  hydroxylamine  used  in  the  following  tables 
was  made  by  treating  3.4725  grams  NHjOH.HCl  with  50  cc. 
N  NaOH  and  diluting  to  500  cc.  The  acetone  solution  was 
made  by  diluting  1.466  grams  acetone  to  250  cc.  with  water. 
A  is  the  number  of  cc.  iodine  solution  used  up  by  10  cc.  of  the 
reaction  mixture.  Five  cc.  hydroxylamine  solution  used  up 
12.76  ce.  iodine  (A). 
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Table  IV. 
49. 4  cc  oioi  acetone  solution  and  50  cc  o.i  N  NH2OH  solu- 
tion at  1°.     A  =   12.67  cc. 

t.                                   0.0853  N  iodine.                                 AK. 
0.5  12.67  


2.1  12.67                                     

4.5  12.67                                     

118.0  10.05  0.0022 

227.7  6.71  0.0039 

304.5  550  0.0043 


Table  V. 
49.4  cc  o.ioi  N  acetone  solution  and  50  cc  NHjOH  solution 
at    65°.     A  =  12.76. 


/. 

0.0853  N  iodine. 

AK. 

I.O 

12.60 

(0.0127) 

4.1 

10.26 

0.0585 

8.0 

8.42 

0.0644 

131 

8.70 

0.0354 

30.1 

6.14 

0.035 

65.0 

2.87 

0.053 

105.5 

1.72 

0.060 

148.2 

115 

0.068 

Table  VL 

50.3  cc  0.0994  N  (C2H6)2CO  solution  and  50  cc  o.  i  N  NHjOH 
solution  at  35°.     A  =  11.80  cc 

/.                                         0.0882  N  iodine.  '                AK. 

5             "-49  0.0054 

20             11.07  0.0033 

41              9.71  0.0052 

66             8.92  0.0049  , 

86             8.24  0.0050  f 

122              7.10  0.0054 

173              6.23  0.0057 
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50.3  cc  0.0994    ^ 

^    (C 

:.H,),co  s 

olu 

tion 

and    50   cc  o.i   N 

NH2OH   solution  at 

65° 

A  =  12 

45 

cc 

Correction:     5   cc 

(CaHJaCO  solution  used 

0.56  cc.  0 

.0882  N  iodine  solution. 

/. 

0.0882  N  iodine. 

- 

AK. 

I 

12.31 

O.OII 

5-5 

11.72 

O.OII 

20.1 

10.10 

O.OII 

39  I 

8.38 

0.012 

631 

8.24 

0.008 

91.9 

7.88 

O.OIO 

142.5 

4-77 

O.OII 

221.0 

3-73 

0.0105 

2880. 0 

1-37 

Table  VIII. 
1. 142  grams  CH.COH  diluted  to  250  cc. 


Of  this  solution 


48.15    cc.  is  equivalent    to  50  cc.   NH2OH  solution. 
CH3COH  solution  used  up  0.50  cc.  iodine  at  35°. 

48.15  cc.    0.104  N   CH3COH    solution    and    50    cc 
NH2OH  at   10.5°.     A  =  12.06  cc 


5    cc. 


0.1  N 


/. 

0.0882  N  iodine. 

AK. 

5.9 

10.72 

0.029 

15.7 

8.01 

0.036 

34-5 

5.67 

0.035 

55.2 

4.19 

0.036 

81.3 

2-34 

0.053 

Table  IX. 

48. 1 5^  cc  0.104  N    CH3COH    solution  and    50  cc.    o.i  N 
NH2OH  solution  at  35°.     A  =  11.90  cc 

/.  0.0882  N  iodine. 

I  958 

3.66  4.46 

6.3  1.27 

II. 5  187 

35-8  1.30 
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On   the  Hydrolysis   of  Acetoxime  by  Water  and  Acids,  and  the 

Equilibrium  between  Acetoxime  Hydrochloride  and 

Acetone  and  Hydroxylamine  Hydrochloride. 

In  order  to  learn  the  rapidity  of  hydrolysis  of  acetoxime  by 
water  and  acids  and  the  equilibrium  point  between  the  acet- 
oxime or  its  hydrochloride,  and  the  acetone  and  hydrox- 
ylamine or  its  hydrochloride  the  following  experiments  were 
instituted.  The  results  show  that  the  equilibrium  point  changes 
with  temperature.  The  bearing  of  this  has  been  discussed  in 
the  theoretical  portion. 

In  making  the  solutions  3.6789  grams  of  acetoxime  were 
diluted  to  500  cc.  with  water ;  50  cc.  of  this  solution  were  mixed 
with  50.38  cc.  0.1  N  hydrochloric  acid  solution  for  hydroly- 
sis. Ten  cc.  of  the  mixture  were  withdrawn  at  each  time 
period  and  run  into  an  excess  of  0.0853  N  iodine  and  10  cc.  of 
10  per  cent  disodium  hydrogen  phosphate  solution  kept  at  0°. 
The  excess  of  iodine  was  titrated  with  sodium  thiosulphate 
solution.  Column  II.  gives  the  amount  of  iodine  used  up  by 
the  hydroxylamine,  or  its  hydrochloride,  formed. 


Table  X. 

Hydrolysis  of  acetoxime  with  water  alone.  0.3650  gram 
acetoxime  was  diluted  to  100  cc.  with  water  and  the  tempera- 
ture  kept  at  65°. 


t. 

Cc.  iodine  0.0882  N. 

0 

1. 18 

26 

I  day 
4  days 

0.73 
0.91 
0.71 

Toiocc.  was  added  i  cc.  o.i  N  hydrochloric  acid  solution, 
and  the  mixture  was  heated  30  minutes  at  65  °.  The  solution 
then  required  3.44  cc.  of  iodine  solution. 
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1  uum  ^\ 

50  ce.  acetoxime  solution  aftd 

50.38 

cc.  O.I  N  HBt  at  2°. 

/. 

0.0853  N  iodine. 

t 

0.41 

2? 

0.66 

2r 

0.76 

5 

0.90 

9 

1.20 

12^ 

1.20 

b8? 

1. 41 

2*2 

1-59 

35 

2.08 

Table  XII. 
50  cc.  acetoxime  solution  and  50.38  cc.  o.i  N  HBr    at  3°. 

k; 


^F-=  0.197.     A  =  13  ec.  0.0853  N  iodine  solution 


0.0853  ] 

^f  iodine. 

0 

.88 

I 

.76 

2 

•23 

2 

•51 

2 

.88 

3 

.67 

3 

.66 

4 

.00 

3 

.81 

Table  XIII . 

5  o.8»  0.0029 

15  1.76  0.0018 

34  2.23  o.ooii 

48  2.51  0.00096 

61  2.88  0.00095 

93  367  o.ooi 

120 

338 

426 


50  cc.  acetoxime  solution  and  50.38  cc.  o.i   N  HBr  at  11°. 

Ty^=  02691     A  =  1-3  cc.  0.0&53  N  iodine  solution. 
^1 

/.  0.0853  N  iodine.                                      Kj. 

2  0.96  0.0050 

4  1.22  0.0032 

7.1  1.55  0.0024 

10  2.70  0.0035 

15  2.76  0.0025 

21  3.94  0.0036 

25.5  4.30  0.0046 

38  4.16  0.0024 

60  4.44 
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55.5 cc.  acetone  (i.466gram  to  250CC.)  andsocc  NH2OH.HCI 
(34725   gram  to   500  cc)   at    13. 5°.     A  =  12.75  cc. 

I.  0.0853  N  iodine. 


0.88 
1.67 

5-5 
9.0 

1533 
20.5 
24.67 
48.12 
148.5 


9.27 
8.20 
7.04 
5.54 
471 
483 
413 
501 
5.01 


Table  XV. 
50  cc  acetoxime  solution  and  50. 38  cc  ci  N  HBr  at  27^ 

/.  0.0853  N  iodine. 


I. 16 
2.0 

2.5 
6.0 

9  5 
14.0 

17-5 
21.5 
295 


Table  XVI. 

Suppression  by  KBr.  50  cc  acetoxime  solution,  50.38  cc. 

0.1  N  HBr,  and  5. 9555  grams  KBr  (10  mols.)  at  27°. 

/.  0.0S53  N  iodine. 

1  1-47 

2  2.24 
4  3-45 
6  423 


7 

8.08 
10 
15 
31 


4-44 
5  08 

5-27 
5-68 
5  09 
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Table  XVIL 
50  cc.  acetoxime  solution  and  50. 38  cc.  o.i  N  HBr  at  50°. 

t.  0.0853  N  Iodine. 

I  4.44 


2  5 

10  5 

20  5 

45  5 


Table  XVIII. 
50  cc.  acetoxime  solution  and  5038  cc.  o.i  N  HCl  at   27°. 

t.  0.0853  N  iodine. 

i.o  1.87 

1.5  2.10 

2.5  3.05 

4.0  3.65 

5.25  4.04 

716  4.79 

10.16  5.39 

15  o  5.26 

310  5.87 

When  10  cc  were  withdrawn  and  treated  to  boiling  for  a 
short  time  8.72  cc.  of  iodine  solution  were  required.  The 
remainder  of  the  above  mixture  was  heated  to  90°.  /  =  time 
after  reaching  90°. 

/.  0.0853  N  Iodine. 

5  7  15 

20  7.08 

This  last  table  shows  the  change  of  equilibrium  with  change 
in  temperature. 


Table  XIX. 

50  cc  acetoxime  solution  and 

50.38 

cc  O.I  N  HCl  at  50*. 

/. 

0.0853  N  iodine. 

5 

5.60 

10 

6.08 

15 

6.13 

20 

6.01 

30 

6.01 

45 

6.15 

80 

625                       .     ,     1 

\ 
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Table  XX. 

Suppression  by  KCl,   50  cc   acetoxime  sojution,  50.38  cc. 

0.1  N  HCl,  and  3.73  grams  KCl  (10  mols.),  at  27°. 

t.  0.0853  N  iodine. 

I.  16  1.80 

2 . 42  2 . 79 

4.06  4.0a 

567  4.15 

7-5  458 

9  06  5.29 

14  25  5,.  31 

23.8  5.20 

38.75  5,55 


Table  XXI. 
To  47.8  cc  acetone  solution  (1.5 166  grams  in  250  cc)  was       | 


added  50  cc  NHjOH.HCl  solution  (34725   grams  in  500  cc) 

at  65°.     A  =  12.50  cc.  0.0882  N  iodine. 

t.  0.0S82  N  iodine. 

5-33  6.76 

7.1  6.80 

37-33  6.56 

102.0  6.84 


.05  N  HBr 


I 


Table  XXII . 

To  the 

55 

8cc 

.  left  of  the  above  mixture  4.2  cc 

at  65°. 

t. 

I 
4 
7 

0 

I 
8 

c 

3.0882  N  iodine. 
7.76 
8.06 
8.51 

43-6  8.15 


Equilibrium  was  thus  changed  by  a  change  in  concentration 
of  the  acid  present. 

In  the  3  following  tables  the  concentrations  are:  1.5 166 
grams  of  acetone  diluted  to  250  cc. ;  3.4725  grams  hydroxylamine 
hydrochloride  to  500  cc. 
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Table  XXIII. 

47.8  cc  acetone  solution  and  50  cc.  NHjOH.HCl  solution  at 
65°.     A  =  12.59  cc  0.0882  N  iodine  solution. 

t.  0.0882  N  iodine. 


0.8 

6.69 

1-5 

6.76 

2.5 

6.8i 

6.0 

6.&3 

1440.0 

Table  XXIV. 

6.94 

47.8  cc.  acetone  solution  and  50  cc 

NH2OHHCI  solution 

varying  temperatures. 

At  65°.    A  = 

12.59  cc 

Temp. 

Time. 

0.0882  N  iodine. 

65° 

2.8 

6.50 

80° 

20 

7.50 

92° 

46 

7.81 

80° 

80 

7-59 

65° 

102 

6.63 

35° 

285 

5.80 

10.5° 

181 

4.81 

Change  in  Equilibrium  with  the  Change  in  Concentration  of  the 
Acetone. 

The  following  experiments  were  tried  in  order  to  study  the 
change  in  equilibrium  produced  by  change  in  the  concentra- 
tion of  the  acetone.  The  amount  of  hydroxylamine  hydro- 
chloride was  constant.  The  value  of  K  gives  the  approximate 
constant  obtained,  by  substituting  the  proper  data  in  the  form- 
ula 


(CH3)aCO  X  NH3OH     _     ^ 

+      —     ^' 
(CH3)2C  =  NOH  XH 

as  was  discussed   in  the  theoretical  portion.     In  the   small 
parentheses  in  the  headings  above  the  tables  the  molecular 
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qtuintities  of  acetone  are  placed  under  the  term  0.3  amount, 
etc.;  the  amount  of  hydroxylamine  hydrochloride  used  is  the 
unit  of  comparison. 

Table  XXV. 

24  cc  o.ioi  N  acetone  solution  (0.5  amount  acetone),  26  cc 
water,  and  50  cc.  NHjOH.HCl  solution  (3-4725  grams  to  500  cc) 
at   65°.     A  =  12.50  cc  0.0882  N    iodine. 


/. 

0.0882  N  iodine 

3 

8.80 

12.2 

8.75 

21.75 

8.80 

28 

8.76 

Mean,     8.75 
K=i.5 

Table  XXVI. 

25cco.iNNH20H.HCland 

25  cc  Q.i  N  acetone 

acetone)  at  65°. 

/. 

0.0882  N  iodine 

5 

6.76 

7 

6.80 

102 

6.84 

Mean,     6.80 
K=  1.4 

Table  XXVII. 

15  cc  05  N  acetone  (3  amounts  acetone),  10  cc  water,  and 
25  cc  0.1  N  NH2OH.HCI  at  65°.     A  =  12.50  cc 

t.  0.0882  N  iodine. 

6.1 

13 

19.7 

45-8 


(3.15) 
3.57 
3-43 
3.48 

Mean, 
K  = 

350 
=  12 
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Table  XXVIII. 

25  cc.  0.5  N  acetone   (5  amounts  acetone),   25  cc  o.i   N 
NH2OH.HCI  at  65°.     A  =  12.50  cc. 
/. 

5-2 

243 
84.1 


0.088J  N  ioc 

2.26 

2.26 

2.21 

:an. 

,     2.24 

K 

=  I.I 

Change  in  Equilibrium  with  Change  in  the  Concentration  of  the 
Hydrochloric  Acid. 

As  was  discussed  in  the  theoretical  portion,  if  there  is  real 
equilibrium  between  the  acetoxime  hydrochloride,  and  the 
acetone  and  hydroxylamine  hydrochloride,  this  same  equi- 
librium point  should  be  attained  whether  acetoxime  be 
treated  with  hydrochloric  acid  or  acetone  be  heated  with  hy- 
droxylamine hydrochloride.  The  equilibrium  should,  further- 
more, be  changed  by  a  change  in  the  concentration  of  the  hy- 
drochloric acid.  In  general,  this  idea  is  perfectly  well  estab- 
lished   by    the    following    experimental    data.     The    formula 


(CH3),CO  X  NH3OH     _     ^ 

+     —     ^ 

(CH3)2C  =  NOH  X  H 


seems  to  hold  very  well  for  those  solutions  containing 
amounts  of  acetone,  hydroxylamine,  hydrochloric  acid  and 
acetoxime  having  similar  concentrations. 


Acetone  -f  NHgOH.HCl  Acetoxime  +  HCl 

HCl  varied.  HCl  varied. 
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Table  XXIX. 

(0.2  HCl) 

20  cc  0.1  N  KOH,  5  cc.  05  N  acetone,  and  25  cc  o.i  N 
NH2OH.HCI  at  65°. 

/.  0.0882  N  iodine. 

6  (2.80) 

23  2.44 

99  2.38 

Mean,     2.41 


Table  XXX. 

(to,2H€l) 

25  cc  0.1  N  acetoxime  (0.73  gram  to  100  cc),  5  cc.  o.i  N 
HCli  and  20  cc  H^O  at  65°. 

/,  0.0882  N  iodine. 

6.5  2.96 

18.5  2.53 

73-5  2.  SB- 

Mean,     2 .  89 


Table  XXXI. 
(0.6  HCl) 
5  cc  05  N  acetone,  10  cc  HjO,  10  cc  0.1  N  KOH,  and  25  cc. 
O.I  N  NHjOH.HCl  at  65°. 

/.       ■  0.0882  N  iodine. 

7  4- 97* 

17  5.02 

40  5.05 

Mean,     5.01 
K  =  r.35 
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Table  XXXII. 
(0.6  HCl) 
25  cc.  01  N  acetoxime,  15  cc  01  N  HCl,  and  10  cc  HjO 


at    65= 


/.  0.0SS2  N  iodine. 

10  5.07 

33  4.85 

145  5.00 

Mean,     4,97 


Table  XXXIII. 

(i  HCl) 

25  cc.  0.1  N  acetone  and  25  cc.  o.i  N  NHjOH.HCl  at  65^ 

I.  0.088a  N  iodine. 

5  6.76 

7  6.80 

I02  6.84 


Mean,     6 .  80 
K  =  1.4 


Table  XXXIV. 
(I  HCl) 
25  cc  0.1  N  acetoxime  and  25  cc.  o.i  N  HCl  at  50°. 

4  0.0882  N  iodine. 

15  6.13 

45  6.15 

80  6.25 

Mean,     6.17 
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Table  XXXV. 
(1.4  HCl) 
10  cc  H2O,  5  cc.  0.5  N  acetone,  10 cc.  01  N  HCl,  and  25  cc 
0.1  N  NH2OH.HCI  at  65°. 

t.  0.0882  N  iodine. 

8.5  7-29 

21  7-30 

66  7.37 

109  7-43 

Mean,     7.35 
K  =  I .06 


Table  XXXVL 
(0.8  HCl) 
20CC.  o.iN   HCl,  5  cc.  H2O,   and   25  cc   o.i  N  acetoxime 
at  65°. 

t.  0.0882  N  iodine. 

6  563  : 

27.33  5.74 

49  5  67 


! 


Mean,     5 .  68 
K  =  I.I 


Table  XXXVIL 
(1.8  HCl) 
5  cc  0.5  N  acetone,  20  cc  o.  i  N  HCl,  and  25  cc  o.  i  N  NHjOH , 
HCl  at  65°. 

t.  0.0882  N  iodine. 

7  8.00 

27  7  96 

54  7.94 

Mean,     7 .  96 
K  =  0.94 
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Table  XXXV III. 

(1.8  HCl) 

4-5  cc. 

N 

HCl,  205  cc  H2O,  and  25  cc.  01  N  acetoxime 

at  65°. 

/. 

0 

.0882  N  iodine. 

7 

764 

23-5 

7.76 

141 

Mean, 

7.80 

7-75 

TabU  XXXIX. 

(3  HCl) 

5 

cc. 

0.5  N  acetone, 

,  5  cc.  N  HCl, 

15  cc.  H2O, 

and 

25 

cc 

0 

.1 

N 

NH2OH.HCI  at  65°. 

t. 

0.0882  N  iodine. 

II 

8.30 

29 

8.35 

41 

8.44 

142 

8.37 

6.25 

cc 

i.o  N 

oxime 

at 

65°. 
t. 

12 
21 

47 
70 

Mean,     8 .  34 
K  =  0.58 


Table  XL. 

(2.5  HCl) 
HCl,  18.75  cc  H2O,  and  25  cc.  o.i  N  acet- 

0.0882  N  iodine. 
(8.02) 
8.39 

8-34 
8.44 

Mean,     8 .  39 
K  =  0.68 
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Table  XU, 
(17  HCl) 
5.21  cc.  7.68  N  HCl,  5  cc  05  N  acetone,  14. 79  cc  HjO,  and 
25  cc.  0.1  N  NH2OH.HCI  at  65°. 

t.  0.0882  N  iodine. 

tS  9-94 

45  10 . 26 


Mean,     10 .  10 

Table  XLII. 
(5  HCl) 
12.5  cc.  N  HCl,  12.5  cc.  HgO,  and  25  cc  01  N  acetoxime 
at  65°. 

t.  0.0882  N.  iodine. 

5-33  8-54 

20  8 .52 

54  8-44 

Mean,     8 .  50 

The  three  following  tables  give  a  resum6  of  the  chief  results  ob- 
tained at  65°.  In  the  first  table  the  upper  column  gives  the 
number  of  cc.  used  for  the  titration.  The  solution  was  o.i  N 
with  respect  to  the  hydroxylamine  hydrochloride,  and  the 
concentration  of  the  acetone  was  0.5,  i,  3  or  5  times  o.i  N, 
as  indicated  in  the  second  column.  The  third  column  gives 
the  number  of  cc.  iodine  required  to  oxidize  the  hydroxylamine, 
or   its   salt. 

Table  XLIIL 

Cc.  solution  10  10  10  10 

Molecules  acetone  0.5  i  3  5 

Cc  iodine  required        8.77  7 .  44  3 .  49  2 .  24 

The  second  table  shows  the  change  in  equilibrium  with 
a  change  in  concentration  of  the  hydrochloric  acid. 
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Table  XLIV. 

Cc.  solution : 
0.1NNH2OH.HCI 

+  o.iNacetone        10       10        10        10       10         10        10 
Molecules  HCl  0.2      0.6      i.o      1.4      1.8      3        17 

Cc  iodine  required        2.41     5.01     6.80    7.35    7.96    8.34  10.10 

The  third  table  gives  the  equilibrium  attained  when  o.i  N 
acetoxime  is  treated  with  varying  amounts  of  hydrochloric 
acid.  For  a  given  amount  of  hydrochloric  acid  the  equilibrium 
point  is  practically  the  same  as  it  is  in  Table  XLIV. 


Table  XLV. 

Cc.  solution: 

0. 1  N  acetoxime 

+  HCl 

10 

10 

10 

10 

10 

ID 

10 

Molecules  HCl 

0 

2 

0.6 

0 

8 

I 

0 

I 

8 

2 

5 

5 

Cc  iodine  required 

2 

.89 

4-97 

5 

68 

6 

17 

7 

75 

8 

39 

8 

50 

ON  THE  REACTION  OF  ACETONE  WITH  PHENYLHYDRAZINE  AND 
PHENYLHYDRAZINE  HYDROCHLORIDE. 

A  preliminary  announcement  is  made  of  the  study  of  the 
action  of  acetone  on  phenylhydrazine,  and  on  its  hydrochloride. 
After  the  results  of  the  action  of  acetone  on  hydroxylamine 
had  been  obtained  it  was  seen  that  the  reaction  of  carbonyl 
compounds  with  hydrazines,  and  with  their  salts,  might  be 
reversible.  The  idea  seems  to  be  confirmed  by  the  experimen- 
tal data. 

(CH3)2CO  +  H,N-NHCeH5     ^ 

(CH3)2C:NNHC«H, +  H2O; 

(CH3)2CO  +  H3N-NHCeH5  +  CI     ^ 

(CH3)2C  :  NNHCeHjH  -f  H^O  +  CI. 

The  method  of  following  the  reaction  was  that  of  Meyer.  ^ 
It  does  not  seem  to  work  well  in  the  case  under  consideration, 
but  further  study  may  lead  to  improvement.     The  two  following 

»  J.  prakt.  Chem.  [2],  36,  115. 
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tables  show  that  while  the  reaction  between  phenylhydrazine 
and  acetone  seems  to  go  nearly  to  completion,'  the  phenyl- 
hydrazine  hydrochloride  reacts  at  most  only  very  slowly  with 
the  acetone,  and  the  reaction  seems  to  be  reversible.  The  changes 
are  very  slow  in  comparison  with  those  between  acetone  and 
hydroxylamine  or  its  hydrochloride.  The  work  will  be  con- 
tinued and  the  results  reported  must  be  considered  only  tenta- 
tively. 


Table  I. 
50  cc    phenylhydrazine   solution    (2.7028 
cc),  40  cc  water,  and  10  cc  05  N  acetone 

/. 
o 

5 

24 

40 

184 

1374 

4252  . 

5856 

8907 

Table  II. 
50    cc     phenylhydrazine     hydrochloride 
grams  in  250  cc),  40  cc  water,  and  10  cc.  0.5 


Cc.  iodine 

required  for 

0  cc.  .solution 

17.88 

13.62 

11.82 

10.30 

9.46 

5-47 

2.72 

2.04 

1.62 

grams  in   250.26 
at  27°. 

Cc.  iodine  .solution 
required  for  5  cc. 
phenylhydrazine 
solution  at  22°. 

17    "~ 


15    09 


O 
2 

2722 
4309 
7381 


Cc.  iodine 

required  for 

10  cc.  solution. 

17.23 

17.23 

13    63 

I3I3 

I317 


solution 

(3.6I] 

t3 

N  acetone  at  27 

0^ 

Cc.  iodine  solution 
required  for  5  cc. 
phenylhydrazine 

hydrochloride 
solution  at  22°. 

17 

23 

15 

97 

16 

93 

ON  THE  FORMATION    AND   SAPONIFICATION   OF    ESTERS  AND   THE 
THEORY  OF  REVERSIBLE  CATALYTIC  REACTIONS. 

The  theory  of  the  reversible  reaction  between  organic  acids 

1  Strache:  Monats.  Chem.,  12,  524.  ^ 
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and  alcohols  on  the  one  hand  and  the  esters  and  water  on  the 
other,  has  been  discussed  in  some  detail  by  Zengelis,* 
Euler,-  Lapworth,^  Mellor,^  Kastle,^  Goldschmidt,*  Acree  and 
Johnson/  and  especially  by  Stie glitz. «  While  the  theories 
held  by  individuals  vary  somewhat  in  detail  they  all  have 
as  a  basis  the  general  idea  that  intermediate  products  are  directly 
concerned  in  the  reactions.  The  writers  wish  to  discuss  the 
matter  further  in  the  light  of  some  work  done  on  the  urazoles. 
The  experimental  data  of  Berthelot  and  Gilles,"  Menschut- 
kin/"  Goldschmidt,  Ostwald,**  Guldberg  and  Waage,*^  Wijs/^ 
Knoblauch'*  and  Kistiakonsky,'^  amply  prove  that  the  sapon- 
ification of  esters  in  dilute  water  solution  takes  place  according 
to   the   equation, 

"jT        =^       Ktran.    X    Cgstey     X    C/zjj^   X    Cff. 

What  is  the  mechanism  of  the  reaction?  It  is  well  known 
that  esters  are  weak  bases  and  form  salts  with  acids.  Baeyer** 
and  Villiger  isolated  salts  formed  by  the  union  of  the  esters 
of  acetic,  benzoic  and  oxalic  acids  with  hydroferrocyanic  acid 
and  hydroferricyanic  acid.  Rosenheim'^  and  his  students 
proved  that  esters  show  their  basic  properties  by  forming 
double  salts  with  antimony  pentachloride  and  stannic  chloride. 
Walker,  Archibald,  Steele  and  Mcintosh'^  showed  that  esters 
unite  with  Hquid  hydrochloric  acid  and  form  salts  which  are 

1  Ber.  d.  chem.  Ges.,  34,   1901. 

2  Z.  physik.  Chem..  36,  405.  663;  40.  501;  47,  356. 

'  See  Mellors  "Chemical  Statics  and  Dynamirs,"  1904,  p.  289. 
*  Ibid. 

5  This  Journal,  19,  894.     P.  Am.  Assoc.  Adv.  Sci.,  47,  238. 

6  Ber.  d.  chem.  Ges.,  28,  3218;  29,  2208;  39,  711. 
^  This  Journal,  37,  410. 

8  Congress  of  Arts  and  Science,  St.  Louis,  1904.  4,  276. 

9  Ann.  Chim.  Phys.  [3],  65,  385;  [3],  66,  5;  [3],  68,  225;  Compt.  rend..  63,  474,  etc. 

10  Ann.  Chim.  Phys.  [5],  20,  289;  [5],  23,  14;  [5]    30,  81.  etc. 

11  J.  prakt.  Chem.,  [2],  28.  449. 

12  Ibid.  [2],  19,  82. 

13  Z.  physik.  Chem.,  11,  492;  12,  514. 
"  Ibid.,  22,  268. 

i6  76wi.,27,  250. 

10  Ber.  d.  chem.  Ges.,  34,  2692,  4189. 
"  Ibid.,  34,  3377;  35,  1115;  36,  1833  ;  37,  3662  ;  38,  2777. 

18  Z.  physik.  Chem.,  55,  129.    Phil.  Trans.,  205,  99.    J.  Chem.  Soc.,86,  919.  1098; 
87,  784.  1013.     Ber.  d.  chem.  Ges.,  34,  4115.     J.  Am.  Chem.  See,  27,  26;  28,  588. 
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dissociated  in  the  liquid  hydrochloric  acid.  They  expressed 
the  opinion  that  the  ester  unites  with  a  hydrogen  ion  and 
forms  a  complex  cathion.  A  large  amount  of  work  on  other 
carbonyl  compounds,  already  referred  to  in  this  paper,  leaves 
no  doubt  that  esters  form  small  quantities  of  salts  in  acid  solu- 
tions, and  the  work  of  Coehn'  on  dimethylpyrone  hydrochloride 
makes  it  probable  that  the  ester  forms  part  of  the  cathion. 
Finally,  the  writers  have  been  able  to  show  that  the  addition 
of  small  quantities  of  methyl  acetate,  ethyl  acetate,  methyl 
benzoate,  i-phenyl-3-ethoxyurazole,  i-phenyl-3,5-diethoxy- 
urazole,  or  benzaldehyde  to  alcoholic  or  aqueous  hydrochloric 
acid  causes  a  lowering  of  the  conductivity  sufficient  to  indicate 
the  formation  of  small  amounts  of  ester  salts  in  solution.  The 
following  table  gives  the  data  obtained: 


i 

CD 

a 
•2 

III 

1 

3 
0 

lU 

Ethyl  acetate 

0.1  cc 

0  I  N    alcoholic  hydro- 

chloric acid 

1.6 

Methyl  benzoate 

O.I  cc 

O.I  N  alcoholic  hydro- 

chloric acid 

0.8 

Benzaldehyde 

O.I  cc 

0. 1  N  alcoholic  hydro- 

chloric acid 

5-7 

Benzaldehyde 

0.2  cc 

0.1     N    alcoholic    hydro 

chloric  acid 

10.0 

Phenyl-3-ethoxyura- 

zole 

0.05  gm. 

0. 1  N  hydrobromic  acid 

I.I 

Phenyl-3-ethoxyura- 

zole 

o.i    gm. 

01     N    alcoholic    hydro 

- 

chloric  acid 

2.7 

Phenyl-3-ethoxyura- 

zole 

0.5    gm- 

0.1    N   alcoholic  hydro- 

Phenyl-3,5-diethoxy- 

chloric  acid 

10.6 

urazole 

o.i    gm. 

O.I    N    alcoholic    hydro- 

Phenyl-3,5-diethoxy- 

chloric  acid 

3-3 

urazole 

0.5    gm- 

0.1    N    alcoholic    hydro- 

chloric acid 

7-9 

Methyl  acetate 

0.1  cc 

0. 1  N  hydrobromic  acid 

1 .0 

Ethyl  acetate 

0.1  cc 

0. 1  N  hydrobromic  acid 

1 .0 

Ber.'d.  chem.  Ges.,  36,  2673. 
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Furthermore,  the  decomposition  of  sulphonic  esters'  and  ura- 
zole  esters^  by  hydrochloric  acid  in  which  ethyl  chloride  is  elim- 
inated, indicates  that  the  esters  form   hydrochlorides. 

The  constitution  of  these  ester  salts  is  a  question  of 
interest.  Many  of  the  workers  in  these  fields  are  of  the  opinion 
that  the  salts  are  derivatives  of  tetravalent  oxygen  and  have 
the  formula  I  and  II. 

CI  HOCl 

I  il  OH  OH 

RC(0)0— R         RC— O— R         RC(Cl)OR         RC=0(C1)R 

H 

I.  II.  III.  IV. 

C,H,N N  ,  C,H,N -NH 

I        II  A^  I        I 

OC  CO— R  OC  C(C1)0R 


H 


\ 


NCH3      ""  NCH3 

V.  VI. 

H 

CgH^N NCI  C,H,N NH 

I             II  I             I         /R 

OC           COR  OC           C=0< 

\  /  \  /        \ci 

NCH3  NCH3 

VII.  VIII. 


Since  many  esters  and  hydrochloric  acid  yield  ethyl  chloride 
formulas  III.  and  IV.  should  also  be  considered  and  all  four  may 
be  in  tautomeric  equilibrium.  The  urazole  ester  hydro- 
chlorides may  also  exist  in  the  form,  V.,  VI.,  VII.  and  VIII. 
in  equilibrium,  with  some  one  or  two  forms  in  preponderance. 

Since  the  esters  then  form  salts  it  might  be  at  once  suspected 
that  in  the  saponification  of  esters  by  water  in  the  presence  of 
acids  the  ester  cathion  is  saponified,  just  as  the  alkyl  halides 

>  This  Journal,  19,  894. 

2  Acree    and  collaborators:  This  Journal,  27,118;  31,185;  32,606;  37,71,  361; 
88.  1.    Ber   d.  chem  Ges.,  35,  553;  36,  3139;  37,  184,  618. 
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react  with  anions,  and  acctamide  cathions  and  imido  ester 
cathions  are  hydrolyzed.  SHR,  Brcdig/  Lap  worth,  Stieg- 
litz,  and  Acree  and  Johnson  have  held  that  view,  and  many 
of  the  following  equations  have  been  developed  by  these  writers, 
especially  by  Stieglitz.  The  equations  are  given  here  again, 
with  others,  to  develop  the  entire  subject. 

If  Cg^i  gram  molecules  of  ester  and  enough  hydrochloric 
acid  to  give  C^  gram  ions  of  hydrogen  ions  are  brought  to- 
gether in  I  liter  of  ^idwfcr  ^e  shall  have  the  following  reaction 
established  very  quickly,  and  get  the  equation 

CHsCOOR  +  H     ^    CH3COOR.H 

( Cest —y){CH—y)    =    i^y    =    ^  Csait dis ,         (2) 

in  which  y  is  the  very  small  amount  of  salt  formed ;  the  hydro- 
gen ions  from  the  water  and  small  non-dissociated  portions 
of  the  ester  salt  are  disregarded.  If  now  the  ester  cathion  is 
the  substance  hydrolyzed,  we  shall  have,  if  we  disregard  the 
very  small  reverse  reaction, 

CH3COOR.H  +  HjO     Z^     CH3COOH  +  ROH  -\-  H 

-7. =     Ktra?,sCsali  dls  X   C//„o-  (S) 

When  the  formation  of  the  salt  from  the  ester  and  h5^drogen 
ions  takes  place  very  rapidly  in  comparison  with  the  saponi- 
fication of  the  ester  cathion,  and  the  value  of  y  is  negligible 
in  comparison  with  C^^  and  C^  we  can  substitute  for  C^^^  ^,j 

in  equation  (3)  the  value  -^^  Q^^  X  Cj^  and  we  then  get,  as 
has  been  developed  before  in  the  other  sections, 

dC salt  dis  dX  Ktrans^b  ^^  ^\r      \/  fT  -v^         t  a^ 

—         —  -{.(-est  —  x)LhX  {C/f„o  —  v>     (4; 


dt  dt  K^ 

which  is  only  another  form  of  equation   (i).     This  equation 

»  Z.  Elek.  Chem.,  9,  118;  10,  586;  11,  528. 
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seems  to  hold  whether  the  hydrogen  ions  come  from  water, 
weak  acids  or  stronger  acids.  We  have  then  harmony  between 
the  quantitative  data  and  the  idea  that  the  ester  cathion  may 
be  the  substance  hydrolyzed.  The  ester  exists  in  solution  prob- 
ably only  as  free  base,  cathions  and  undissociated  salt.  The 
free  base  is  hydrolyzed  certainly  only  very  slowly  by  the  water 
as  direct  experiment  shows.  If  the  undissociated  ester 
hydrochloride  were  the  substance  chiefly  hydrolyzed  we  should 
have,  as  has  been  developed  in  the  previous  sections,  the  fol- 
lowing equation  expressing  the  reaction  velocity:  /ti^ 

'dt     ""      KaffinK^    i^nt  —  x)  X  {Ch,o  —  x)  X  Ch       (5) 

Since  the  velocity  of  hydrolysis  of  esters  is  not  proportional 

I       to  the  square  of  the  concentration  of  the  hydrogen  ions,  it  is 

I      evident  that  the  non-dissociated  ester  salt  can  not  be  greatly 

concerned  in  the  saponification.     Furthermore,  since  the  free 

ester  is  not  appreciably  concerned  in  the  reaction  there  is  left 

only  the  ester  cathions,  and  this  seems  to    be   the  substance 

which  is  really  hydrolyzed.     But  the  moment  the  hydrolysis 

■^  of  the  ester  begins  the  reverse  reaction,  the  formation  of  the 

^^  ester  from  the  organic  acid  and  the  alcohol  also  begins. 

<5'      The  reactions  involved  in  formation  of  esters  from  organic 

^  acids  and  alcohols  in  the  presence  of  hydrogen  ions  are  probably 

^  exactly  analogous  to    those    involved    in    the    saponification 

X   of  the  esters.     Lap  worth,  WKSSt,   Kastle,  and   Stieglitz   have 

>i^  pointed  out  that  the  organic  acids  probably  unite  with  the 

^    hydrogen  ions  to  a  small  extent  and  that  this  complex  organic 

^    acid  (Mkiitii^  reacts  with  the  alcohol  and  forms  the  ester,  water 

and  hydrogen  ions.     There  is  no  doubt  that  the  organic  acids 

do  have  weakly  basic  properties,  just  as  many  ureas,   pyrimi- 

dines,  urazoles  and  amides  have  both  basic  and  acid  properties. 

Rosenheim*  found  that  organic  acids  behave  like  the  esters 

in  their  action  on  antimony  pentachloride.      Hell  and  Miihl- 

hauser^  found  that  acetic  and  other  organic  acids  form  unstable 

'  Loc.  cit 

»  Ber.  d.  chem.  Ges.,  12,  734. 
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hydrobromides,  such  as  2CH3COOH.HBr.  Mcintosh' observed 
similar  phenomena  and  Farmer^  showed,  too,  that  organic  acids 
have  basic  properties. 

If,  then,  the  organic  acid  does  actually  unite  with  the 
hydrogen  ions  and  form  a  cathion,  which  reacts  with  the  alco- 
hol, we  shall  have  the  following  equation  holding  under 

CH3COOH  -f  H     ^     CH3COOH.H 

(Cacid  —  y')(C// /)       =       'K^  y'       ^       -J^  C add  salt  dh,       (6) 


^'^. 


mJl,  ^  exactly  the  same  conditions  which  apply  to  the  ester.     K'^    is 
A»^Othe  affinity  constant  of  the  acetic  acid  as  a©©^,  and  /  is  the 
P*  small  amount  of  cathion  formed,  the  molecular  form  of    the 

salt  being  so  small  in  amount  as  to  be  disregarded. 

If  the  acid  cathion  is  the  substance  which  reacts  with  the  al- 
cohol we  shall  have,  if  we  again  disregard  the  small  amount 
of  the  reverse  reaction, 

~  ;     CH3COOR  -}-  H,0  +  H 

- dC  add  salt  dis     t^i  n  ^/   n  r -,\ 

•fV  trans^ add  salt  dis  X    ^alc-  Kl ) 


dt 

But  just  as  with  the  esters  we  can  substitute  for  C^^i^^^i^^i^ 
in  (7)  the  value^r^  Cadd  X  C//.  We  then  get,  as  developed 
with    the    esters,    equation    (8)    as   representing 

~        =       K',rans^(Cadd-x)X    (Calc-X)XCH,       (8) 

at  t^w 

the  reaction  which  should  be  found  to  hold  experimentally 
if  the  organic  acid  first  unites  very  rapidly  with  the  hydrogen 

+ 
ions  and  forms  a  complex  cathion,  CH3COOH.H,  which  reacts 
slowly  with  the  alcohol  and  forms  ester,  water  and  hydrogen 
ions.     Equation  (8)  is  actually  found  to  represent  the  velocity 

1  J.  Am.  Chem.  Soc.  28,  588. 

2  J.  Chem.  Soc,  83,  1440. 
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of  formation  of  the  esters.  We  are  led,  then,  to  the  idea  that 
the  reversible  reactions  in  the  system,  water,  alcohol,  ester, 
organic  acid  and  hydrochloric  acid  are  brought  about  by  the 
formation  and  reactions  of  intermediate  cathions  produced  by 
the  union  of  hydrogen  ions  with  the  ester  and  organic  acid. 

+ 
Whether  the  acid  cathion,  CH3COOH.H,  has  the  formula  IX., 

X.  or  XI.  need  not  be  discussed. 

H 

0 

CH3C(0)0H  CH-AOHX  CHsC^OH 

H 
IX.  X.  XI. 

When  the  system  is  in  equilibrium  just  as  much  ester  is  formed  as 
is  saponified  into  organic  acid.  The  two  terms  dx  in  equations 
(4)  and  (8)  are,  therefore,  equal  and  we  get,  by  substitution, 
equation  (9)  as  representing  the  equilibrium  conditions. 

Ktrans~n^Cest   X    Ch.^o  X    Ch   =    K' trans  ~p — Cacid    X  Calc  X   C/j 


C..,  X  KCff,o    =     K'Cacid  X  Calc.  (9) 

^est>  ^i/iO'  ^acid  ^"^  Q/c  ^""^  ^^^  Concentrations  of  thes- 
substances  at  the  equilibrium  point.  C^^  is  the  original  cone 
centration  of  the  hydrogen  ions  less  the  very  small  amount 
united  with  the  ester  and  organic  acid.  The  equilibrium 
point  is  apparently  independent  of  the  concentration  of  the 
hydrogen  ions. 

To  recapitulate  then :  The  idea  that  the  reversible  reactions 
taking  place  in  the  system  ester,  water,  acid,  alcohol  and  hydro- 
chloric acid  are  due  to  reactions  of  the  complex  cathions,  formed 
by  the  union  of  a  very  small  amount  of  the  hydrogen  ions  with  a 
small  amount  of  the  ester  and  organic  acid,  leads  to  equations 
which  hold  experimentally.  The  assumption  explains,  in 
equations  (4)  and  (8),  why  the  velocity  of  saponification  and 
of  esterification  increases  directly  in  proportion  to  the  con- 
centration of  the  hydrogen  ions.     It  further  makes  clear,  in 
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equation  (9),  the  experimentally  established  fact  that  the  equi- 
librium of  the  system  is  not  appreciably  changed  by  change 
^  in  the  concentration  of  the  hydrogen  ions.     These  ideas  have 
V   already  been  developed  by  Bhi^ms  Lap  worth,  Kastle  and  es- 
^^i     pecially  by  Stieglitz,  and  they  have  received  very  good  experi- 
^  Amental  verification.     Goldschmidt^  has  recently  pointed  out 
^  some  discrepancies  not  entirely  in  harmony  with  the  above 
"TV    equations  and  doubtless  many  others  will  be  reported  later. 
The  assumption,  however,  gives  a  good  working  basis  and  may 
be  used  as  a  guide  for  the  further  work  needed  to  clear  up  the 
whole  matter.   There  is  one  very  serious  objection  to  an  assump- 
tion common  to  the  ideas  advanced  by  Euler,  Zengelis  and 
Lapworth.     Lapworth    proposed    the    idea    that   the    organic 
acid  unites  with  the  hydrogen  ion, 

.OH 
CH3COOH  +  H     J:t     CH3C—        '  (i) 

\0H 

and  that  this  product  then  reacts  with  the  alcoholate  ion  as 
follows: 


yOH  .OH 

CH3C—         +  C.H^O     ^     CH3C— OC2H5  •  ^ 

^OH  "^OH 

CHgCOOC.H^  +  H2O     (2) 

The  objection  is  the  foUo.wing:  The  increase  in  the  concen- 
tration of  the  hydrogen  ions  in  the  solution  of  the  organic 
acid  and  alcohol  to  n  times  its  former  value  would,  it  is  true, 
cause  the  concentration  of  the  organic  acid  cathion  in  equa- 
tion (i)  to  become  approximately  n  times  as  great;  if  the 
concentration  of  the  alcoholate  ions  in  (2)  were  to  remain  the 
same  then  the  reaction  velocity  would  become  n  times  its  former 
value.  But  if  the  alcoholate  ions  come  from  the  dissociation 
of  the  alcohol  according  to  equation  (3) 

>  Goldschmidt  and  Stinde:  Ber.  d.  chem.  Ges.,  39,  711. 
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C^H.OH     -Jt     C^H.O  +  H  (3) 

the  increase  of  the  H  concentration  to  n  times  its  former  value 

would  cause  the  concentration  of  the  C2H5O  ions  to  become 
the  nth  part  of  its  former  value.  The  product  of  the  alcoholate 

—  + 

ions  C2H5O,  and  the  organic  acid  cathions  CH3C(OH)2  in 
(2)  would,  therefore,  not  be  changed  at  all  and  the  reaction 
velocity,  if  Lapworth's  explanation  were  correct,  would  remain 
unchanged  with  change  in  the  concentration  of  the  hydrogen 
ions.  The  same  thing  would  hold  true  of  the  reverse  reaction 
expressed  as  follows, 

CH3COOC2H5  +  H     ^     CH3C—  (4) 

followed  by  the  reactions  in  equation  (5). 

CH3C—  +  OH     ^     CH3C— OC2H5    s-^ 

\0H  ^OH 

CH3COOH  +  C2H5OH     (5) 

Although  an  increase  in  the  concentration  of  the  hydrogen 
ions  to  n  times  a  former  value  would  cause  the  concentration 
of  the  ester  cathion  in  (4)  to  become  n  times  as  great,  yet  this 
same  increase  in  the  concentration  of  the  hydrogen  ions  would 
cause  the  concentration  of  the  hydroxyl  ions  in  (5)  to  become 
the  wth  part  of  its  former  value,  and  hence  the  velocity  of  the 
reaction  would  be  independent  of  the  concentration  of  the 
hydrogen  ions.  The  same  objection  holds  for  certain  assump- 
tions made  by  Euler  and  ZengeHs  and  these  will  be  discussed 
later.     Especially,  however,  must  it  be  emphasized  that  the 

assumption  of  the  ionization  of  acetic  acid  into  acetyl  and  hy- 

+  — 

droxyl  ions  and  CH3CO,  OH,  and  of  alcohol  into  ethyl  and  hy- 

+  — 

droxyl  ions,  CjHg  and  OH,  fails  to  meet  the  requirements  of 

the  mass  law  in  the  reactions  under  consideration.     It  is  clear 
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then  that  the  alcohol  and  water  react  with  the  acid  cathion 
and  the  ester  cathion  not  as  ions  but  as  neutral  molecules, 
just  as  the  neutral  ethyl  iodide  reacts  with  urazole  ions,  hydroxyl 
ions,  etc.  The  water  or  alcohol  is  probably  added  to  the  carbonyl 
group  in  these  reactions,  but  this  is  not  certain. 


O  /OH 

CHgC^  +  H-  H2O     s-^     CH3C— OH 


.^' 


'\, 


OC,H, 

H  OC2H5 

I 
H 


CH3COOH  +  H  +  CjH.OH     (6) 


.0  /OH 

CH3C^+      -f  ROH  s-^     CH3C— OR 

\OH 

H 


^OH 
H 
O 


CH3C-R  +  H2O  +  H     (7) 

In  the  saponification  of  esters  and  amides  by  alkalies  the  al- 
kali probably  attacks  the  carbonyl  group.  Euler*  and  others 
referred  to  above  have  shown  that  carbonyl  compounds,  such 
as  aldehydes,  have  both  basic  and  acid  properties. 

CH3COOR  +  K  +  OH  +  H2O     s-^ 

CH3C— OH        +  K  +  H2O     s^ 
^OC^H, 

CHgCob  +  ROH  +  K  +  H,0     (8) 

CHaC^  +  K  -f-  OH  4-  H2O     E-^ 

^NHj 

»  Ber.  d.  chem.  Ges.,  38,  2551 ;  39,  344. 
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/° 

CH3C— OH    +  K  +  H2O     ^^ 

CHgCdo  +  K  +  NH3  +  H,0     (9) 

In  the  consideration  of  the  hydrolysis  and  the  formation  of 
ordinary  esters  one  phase  of  the  work  does  not  apply,  but  it 
must  be  developed  for  other  esters. 

['f  Although  the  hydrochlorides  of  the  ordinary  esters  do  not 
decompose  appreciably  into  the  alkyl  chlorides  and  the  organic 
acids,  some  ester  hydrochlorides  do  suffer  this  transformation 
along  with  the  hydrolysis.  A  notable  case  is  that  of  the  sul- 
phonic  esters.  When  a  sulphonic  ester  is  treated  with  water 
and  hydrochloric  acid,  two  apparently  independent  side  reac- 
tions take  place.  One  is  the  hydrolysis  of  the  ester  into  the 
sulphonic  acid  and  the  alcohol  corresponding,  and  the  other  is 
the  decomposition  of  the  sulphonic  ester  hydrochloride  into 
the  alkyl  chloride  and  the  sulphonic  acid.  * 

I.  C,H,S03C,H,  +  H  +  CI  +  H3O    ^ 

CeH^SOaC^H^.H  +  H2O  +  Ci     ^-^ 

C.H.SOgH  +  C3H3OH  +  H  +  CI. 

II.  C.H.SOgCaH^  4-  H  +  CI  "^  C,H5S03C2H5.HC1  — 

QH.SOgH  +  C3H,C1. 

Evidently  the  amount  of  transformation  through  each  of 
the  reactions  I.  and  II.  depends  upon  the  relative  stability  of 
the  sulphonic  ester  cathion  towards  water  and  the  stability 
of  the  sulphonic  ester  hydrochloride.  These  2  factors  will 
doubtless  vary  with  the  ester,  temperature  and  other  condi- 
tions. Apparently,  it  should  be  possible  to  suppress  the  re- 
action I.  and  give  reaction  II.  more  opportunity  to  become  the 
chief  one  by  treating  the  sulphonic  ester  in  alcoholic  hydro- 
chloric acid.  This  has  been  done  with  certain  urazole  deriva- 
tives. 

»  Kastle  and  Frazer:  This  Journal,  19,  894. 
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We  should  then  expect  to  find  some  esters,  the  cathions  of 
which  are  so  stable  towards  water  that  the  esters  would  hardly 
undergo  hydrolysis  at  all,  but  the  hydrochlorides  of  which 
might  easily  decompose  into  the  acids  and  an  alkyl  chloride. 
Such  esters  are  those  of  the  urazoles.  A  brief  account  of  their 
properties  will  be  given  here,  and  a  more  detailed  statement 
will  be  made  later. 

The  i-phenyl-3-ethoxyurazole  is  not  saponified  by  aqueous 
hydrobromic  acid,  but  is  decomposed  quantitatively  by  alcoholic 
hydrochloric  acid  into  phenylurazole  and  ethyl  chloride.  Five 
cc.  0.0992  N  hydrobromic  acid  and  o.i  gram  phenyl-3-ethoxy- 
urazole  were  heated  12  hours,  at  100°.  The  solution  then  ti- 
trated against  5.00  cc.  0.0995  N  potassium  hydroxide  in  the 
presence  of  methyl  orange  and  10.00  cc.  0.0995  N  potassium 
hydroxide  in  the  presence  of  phenolphthalein.  This  shows 
that  no  hydrobromic  acid  was  used  in  the  formation  of  ethyl 
bromide  and  phenylurazole.  The  solution  was  acidified  with 
sulphuric  acid  and  extracted  with  chloroform.  No  phenyl- 
urazole was  obtained,  but  when  the  chloroform  filtrate  was  evap- 
orated, o.i  gram  of  i-phenyl-3-ethoxyurazole,  m.  p.  148°, 
was  recovered.  In  order  to  study  the  reaction  quantitatively 
we  used  the  i-phenyl-3,5-diethoxyurazole  and  alcoholic  hydro- 
chloric acid  in  equimolecular  quantities  in  0.5  N  solutions. 

CgH^N N 

I  II 

C^H.OC  COC2H5. 

^   / 

N 

Since  the  2,3-amide  group  is  a  much  stronger  acid  than  the 
4,5-amide  group  it  was  predicted  that  the  5-ethoxy  group  would 
be  a  very  nmch  stronger  base  than  the  3-ethoxy  group  and 
would  unite  with,  and  react  with,  the  hydrochloric  acid  nearly 
to  the  exclusion  of  the  3-ethoxy  group.  This  prediction  was 
happily  verified  quantitatively  by  experiment.  The  reactions 
were  carried  out  in  small  sealed  tubes  at  60°,  and  after  the  reaction 
was  stopped  the  contents  were  poured  into  water  in  extraction 
funnels.  The  unchanged  hydrochloric  acid  was  titrated  with 
standard  alkali  in  the  presence  of  methyl  orange  and  the  i- 
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phenyl-3-ethoxyurazole  formed  was  then  titrated  with  stand- 
ard alkali  in  the  presence  of  phenolphthalein.  The  unchanged 
i-phenyl-3,5-diethoxyurazole  was  extracted  by  means  of 
chloroform  and  weighed. 

If  the  urazole  ester  hydrochloride  is  decomposed  directly 
we  should  have  the  reaction  expressed  by  the  following  equa- 
tions : 


4 


CI 

ROC2H,  -f  H  +  CI  T^  R— O— C2H,   s-^    ROH  +  C2H,C1, 

H 


-dCe 


dt 


—       KirausCest  hcl,  (l) 


chloride  at  any  moment.  But  the  concentration  of  the  ester  hy- 
drochloride can  be  expressed  approximately,  as  has  been  de- 
veloped several  times  above,  in  terms  of  the  concentrations  o- 
the  ester,  hydrogen  ions  and  chloride  ions  at  any  moment 
and  can  be  represented  by  the  equation 

+         _  CI 

ROC,H, -+- H  -f  CI     Z^     R-OC2H,. 

H 

(Cgst — x)(Ca—x)CH    =     — ^ — -Cesihci,         (2) 

in  which  (C^^^  —  x) ,  (C^^  —  x)  and  C^  are  the  concentrations  of 
the  ester,  chloride  ions  and  hydrogen  ions  at  any  moment.  We 
can,  therefore,  substitute  for  Q^^^c/  ^^  i^)  its  value  in  (2)  and 
we  then  get  equation  (3) 

— dCest  hci     dx^     

dt  ^      dt     ~ 

K trans  Kb 


KafUn.  Ki. 


iCesi  —  x)(Ca—x)C//    = 

KiCesi-x)iCa-x)Cff.    (3) 

This  equation  will  not  hold  exactly  since  the  value  of  C^.  does 
not  remain  contant  as  indicated  in  (3)  but  decreases  to  some 
extent  because  the  urazole  acid  formed  is  weaker  than  hydro- 
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chloric  acid.  We  should  expect  the  value  of  K  to  decrease, 
and  if  the  urazole  acid  formed  were  very  weak,  equation  (3) 
would  become  practically  trimolccular. 

The  following  data,  however,  show,  qualitatively,  that  the 
urazole  ester  actually  does  act  upon  the  hydrochloric  acid  and 
form  ethyl  chloride.  The  experiments  are  given  in  a  tabu- 
lar form  for  convenience. 


Time  inmii 

lutes. 

X. 

A-x. 

*^-.(A-.) 

15 

0.528 

0.472 

0.075 

32 

0.706 

0.294 

0.075 

60 

0.741 

0.259 

0.048 

180 

0.913 

0.087 

0.058 

Average,     o .  064 

As  a  consequence  of  this  decomposition  of  the  ester  hydro- 
chloride it  has  been  impossible,  as  was  predicted,  to  obtain 
the  esters  by  heating  the  urazole  acids  with  alcoholic  hydro- 
chloric acid. 

This  work  on  the  urazole  esters  and  sulphonic  esters  will 
be  continued. 

The  discussion  of  the  reversible  reaction  between  esters, 
water,  alcohol  and  organic  acid  has  led  to  an  understanding 
as  to  why  the  three  so-called  laws*  of  catalysis  apply  to  this 
particular  case.     These   laws   may   be   expressed   as  follows-. 

(i)  When  the  catalyzer  is  not  changed  during  the  reaction  it 
affects  only  the  velocity  of  the  reaction,  but  does  not  change  the 
nature  of  the  reaction  or  the  apparent  order  of  the  reaction. 

(2)  The  catalyzer  affects  the  velocity  constant  directly  in  pro- 
portion to  the  concentration  of  the  catalyzer. 

(5)  A  change  in  the  concentration  of  the  catalyzer  does  not 
change  the  equilibrium  point  in  reversible  reactions. 

These  three^go-called  laws  have  been  found  to  hold  so  well  for 
the  esterification  work  that  they  have  been  assumed  to  hold 
for  all  catalytic  reactions.  The  esterification  work,  the  hy- 
drolysis of  amides,  and  the  inversion  of  cane-sugar  are  prac- 

>  For  an  excellent  discussion  of  catalysis  see  Herz  "Die  Lehre  von  der  Reaktions- 
bescbleunigung  durch  Fremdstoffe,"  Ahreu's  Sammlting,  Vol.  XI,  p.  103. 
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tically  the  only  well-known  cases  in  which  a  catalytic  reac- 
tion has  been  well  studied,  and  it  is  rather  surprising  that 
these  three  cases  should  be  the  basis  of  the  above  so-called  laws. 
It  will  now  be  shown  that  these  so-called  laws  are  not  laws  at 
all,  but  apply  only  to  certain  special  cases,  and  further  that 
these  so-called  laws  have  no  physical  or  chemical  basis  but 
are  really  only  a  brief  statement  of  the  results  actually  obtained 
experimentally.  They  cannot  be  used  to  make  predictions 
concerning  all  catalytic  reactions,  but  are  only  approximate 
expressions  of  special  reactions. 

There  are  two  classes  of  reactions  that  must  be  considered 
in  showing  that  these  laws  for  catalysis  by  acids  (or  bases) 
do  not  hold:  (i)  (A)  Simple  reactions  in  which  one  reaction 
constituent  is  a  strong  base  (or  acid),  and  (B)  reversible  re- 
actions in  which  a  constituent  of  one  reacting  set  of  the  sub- 
stances is  a  much  stronger  base  (or  acid)  than  the  correspond- 
ing base  (or  acid)  in  the  opposing  set  of  substances.  (2)  (A) 
Simple  reactions  in  which  the  catalyzer  affects  the  reaction 
velocity  in  proportion  to  the  square,  or  other  power  of  its  con- 
centration, and  (B)  reversible  reactions  in  which  the  velocity 
of  one  reaction  increases  as  the  m  power  of  the  concentration 
of  the  catalyzer  increases,  while  the  velocity  of  the  reverse 
reaction  increases  in  proportion  to  the  m  power  of  the  concen- 
tration of  the  catalyzer.  These  cases  will  be  considered  in  the 
order  given. 

(i)  If  in  a  reaction  one  of  the  constituents  is  a  compara- 
tively strong  base,  such  as  ammonia,  aniline,  etc.,  and  it  enters 
into  the  reaction  through  the  reaction  of  its  cathion  with  the 
other  constituents,  then  the  velocity  of  the  total  reaction  can- 
not increase  directly  in  proportion  to  the  increase  in  the  con- 
centration of  the  hydrogen  ions  added.  The  consideration 
of  the  hydrolysis  of  cane-sugar  will  make  this  clear.  In  the 
hydrolysis  of  cane-sugar  according  to  the  following  equation, 
the  amount  of  hydrogen 

(C«H„0,)20  +  H2O  +  H  +  CI     ^ 

(C.H^O^OH  +  H2O  +  Cl    ^^ 

2CeH,20«  +  H  +  CI. 

iCsug  —  y){CH—y)       =       KCsugcai,  (I) 
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ions  and  of  cane-sugar  used  to  form  the  cane-sugar  cathion  is 
so  small  that  the  concentrations  of  these  two  are  hardly  affected , 
and  {Cjj — y)  and  C^  are  practically  equal.  It  follows,  then, 
that  if  the  concentration  of  the  hydrogen  ions  added  were 
made  twice  as  great  the  {^Cj^ — y')  corresponding  to  the 
new  conditions  would  be  practically  twice  as  great  as  before, 
and  the  new  value  of  Q„^  ^^^  would  also  be  twice  as  great 
as  before.  The  velocity  of  the  reaction  would  then  be  twice 
as  great,  as  we  actually  find  by  experience. 

Suppose,  however,  that,  even  though  the  sugar  did  not  re- 
act appreciably  with  water  and  form  a  cathion  of  the  corre- 
sponding base  (ammonia  and  aniline  are  such  cases) ,  it  could 
unite  almost  completely  with  a  molecular  quantity  of  hydro- 
chloric acid,  just  as  ammonia  and  aniline  do.  Then  the  addi- 
tion of  a  quantity  of  hydrochloric  acid  equivalent  to  one-fourth 
of  the  cane-sugar  would  cause  one-fourth  of  the  cane-sugar  to 
be  changed  into  the  corresponding  cathions  and  the  reaction 
velocity  would  have  a  certain  value.  The  addition  of  twice 
the  amount  of  hydrochloric  acid  would  cause  nearly  half  of 
the  cane-sugar  to  be  changed  into  cathion  and  the  velocity 
constant  would  become  nearly  twice  as  great  as  before.  The 
addition  of  one  molecular  quantity  of  hydrochloric  acid  would 
cause  the  concentration  of  the  sugar  cathion  and  the  velocity 
constant  to  become  nearly  four  times  the  former  value. 
Up  to  this  point,  then,  the  velocity  constant  would  increase 
nearly  directly  in  proportion  to  the  increase  in  the  amount 
of  hydrochloric  acid  added.  But  the  further  addition  of  hy- 
drochloric acid  would  not  cause  the  corresponding  increase 
in  the  velocity  constant,  because  the  cane-sugar  would  be  al- 
ready nearly  completely  converted  into  cathions  and  the  fur- 
ther addition  of  hydrochloric  acid  would  cause  only  a  slight 
increase  in  the  concentration  of  the  cathions.  In  fact,  the  ad- 
dition of  much  hydrochloric  acid  would  cause  a  suppression  of 
dhe  ionization  of  the  cane-sugar  hydrochloride  and  hence  a 
tecrease  in  the  concentration  of  the  cathions  and  the  velocity 
constant  of  the  reaction.  It  is  evident,  then,  that  if  one  of 
the  reacting  constituents  is  a  fairly  strong  base  which  enters 
into  the  reaction  through  its  cathions  the  velocity  of  the  re- 
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action  cannot  increase  directly  in  proportion  to  the  concentra- 
tion of  the  acid  added.  Examples  of  this  are  the  reactions 
between  carbonyl  compounds  and  hydro xylamine,  the  hy- 
drolysis of  amides  by  aqueous  solutions  of  acids,  and  the  hy- 
drolysis of  imido  esters  by  acids.  Under  these  conditions 
the  second  law  of  catalysis  cannot  hold.  It  can  hold  only 
in  those  cases  in  which  the  base  is  so  weak  that  only  a  trace 
of  the  salt  is  formed;  since  these  are  the  only  cases  studied 
up  to  this  time  it  is  not  surprising  that  not  much  further  thought 
was  given  to  the  matter. 

(2)  The  third  law  of  catalysis  cannot  hold  in  those  reversible 
reactions  in  which  one  constituent  of  one  reaction  is  a  strong 
base,  while  the  corresponding  constituent  of  the  reverse  re- 
action is  a  very  weak  base,  provided  the  bases  enter  into  the 
reactions  through  their  cathions  or  salts.  This  has  already 
been  discussed  in  the  reversible  reactions  between  carbonyl 
compounds  and  hydroxylamine  and  its  hydrochloride.  These 
reactions  are  accelerated  by  the  addition  of  hydrochloric  acid. 

(CH3),C0  +  NH2OH  +  H  ^  (CH3)2CO  +  NH3OH 

(CH3),C  =  NHOH  +  H,0  ^  (CH3)2C  =  NOH  +  H. 

The  acetoxime  is  a  very  weak  base  and  hence  unites  with 
only  a  small  part  of  the  acid  when  one  molecular  quantity  of 
hydrochloric  acid  is  added.  The  addition  of  two  molecular 
quantities  of  hydrochloric  acid  would  cause  the  formation  of 
nearly  twice  as  much  acetoxime  cathion  and  hence  the  velocity 
of  the  hydrolysis  of  the  acetoxime  cathion  should  be  nearly 
twice  as  great.  But  the  addition  of  one  molecular  quantity 
of  acid  to  the  hydroxylamine  changes  the  hydroxylamine 
practically  completely  into  the  hydroxylammonium  ions,  and 
the  addition  of  two  molecular  quantities  of  acid  would  hardly 
change  the  concentration  of  the  hydroxylammonium  ions. 
It  is  evident,  then,  that  the  equilibrium  in  the  system  given 
above  would  be  changed  by  the  addition  of  more  acid.  Know- 
ing that  the  acetoxime  is  the  weak  base,  we  could  predict 
that  the  addition  of  more  acid  would  cause  the  formation  of 
more  acetoxime  cathion  from  the  acetoxime  then  in  solution 
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but  would  cause  no  further  appreciable  formation  of  hydroxyl- 
ammonium  ions  from  the  hydroxylamine  then  in  solution. 
As  a  result,  because  of  the  equilibrium  between  the  water  and 
acetoxime  cathions  on  the  one  hand  and  the  acetone  and  hy- 
droxy lammonium  ions  on  the  other  the  addition  of  more 
acid  causes  a  change  in  the  equilibrium  of  the  system  and 
results  in  the  formation  of  more  of  the  hydroxylammonium 
ions,  or  ions  corresponding  to  the  stronger  base.  We  shall 
study  this  class  of  reactions  in  much  more  detail. 

(3)  The  second  law  of  catalysis  cannot  hold  in  those  reac- 
tions in  which  changes  are  brought  about  by  the  union  of  very 
small  amounts  of  two,  three,  or  more  ions,  or  molecules,  of  the  cat- 
alyzing agent  with  a  very  small  amount  of  some  compound  in 
the  reaction  system,  which  addition  product  then  reacts  with 
other  constituents.  This  case  has  already  been  considered 
in  the  rearrangement  of  the  acetylhalogenaminobenzene  de- 
rivatives, into  halogenacetaniHde  derivatives,  where  it 
was  shown  that  the  velocity  of  this  catalyzed  reaction  in- 
creases as  the  square  of  the  concentration  of  the  hydrogen 
ions  instead  of  as  the  first  power  demanded  by  the  second 
law  of  catalysis.  We  can  readily  see  that  in  some  reactions 
involving  some  reaction  similar  to  a  hydrolysis  we  might 
have  two,  three  or  more  ions,  or  molecules  of  the  catalyzer  uniting 
with  some  constituent  and  the  further  transformation  of  this 
addition  product  into  other  substances.  The  following  equa- 
tions will  give  some  types  of  these  reactions : 

(i)  A  -f  H  +  CI     ^     A.HCl     ^s-^     B  +  H  +  CI; 

(2)  A  +  2H     ^     A.2H     ^-^     B  +  2H; 

(3)A  +  2H-fCl    ^     A.H2CI     ^-^     B  +  2H  +  CI; 

(4)  A  +  2H  +  2CI  +  B     ^ 

A.2HCI  +  B     s^     C  +  2H  +  2CI; 

(5)  A  +  4Cat  +  B     ^     A.4Cat+  B     ^^-^     C  -f  ^Cat. 

The  first  two  reactions  will  increase  in  velocity  directly  in 
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proportion  to  the  square  of  the  concentration  of  the  hydrogen 
ions,  the  velocity  of  the  third  reaction  will  increase  in  propor- 
tion to  the  third  power  of  the  concentration  of  the  hydrogen 
ions  and  the  velocity  of  the  fourth  and  fifth  reactions  will 
increase  in  proportion  to  the  fourth  power  of  the  concentra- 
tion of  the  hydrogen  ions  or  catalyzer. 

(4)  The  third  law  of  catalysis  cannot  hold  in  those  reversi- 
TdIc  reactions  in  which  the  velocity  of  one  reaction  is  accelerated 
in  proportion  to  the  m  power  of  the  concentration  of  the  cata- 
lyzer while  the  velocity  of  the  reverse  reaction  is  accelerated 
in  proportion  to  the  n  power  of  the  concentration  of  the  cata- 
lyzer. It  is  assumed,  here,  as  in  (3),  that  only  very  small 
amounts  of  the  catalyzer  unite  with  very  small  amounts  of 
some  other  substance  and  that  the  addition  product  then  under- 
goes further  transformation. 

As  an  illustration  let  us  consider  the  following  equations: 

A  +  WH  +  B  ^  A.wH  -f  B  »-=-  C  +  D  +  mH  (i) 
and 

C  -f-  D  +  «H     ^     C.wH  -f  D     s-^     A  +  B  -f  wH.      (2) 

The  velocity  of  the  reaction  can  be  represented  by  the  equa- 
tion   (3) 

^  =  K(Ca-x){Cb-x)C'^-K\Cc  +  x)(Cn  +  ^)C^.  (3) 

When  equilibrium  is  established  we  have 

KiCA-x)(CB—x)C'^    =     K'iCc  +  x)(Cn  +  x)C"^ 

K'(Cc-\-xi(Cn-\-x)  C^  "-^      •  ^4) 

There  was  a  mistake  on  page  412  in  the  former  article^  by 
''     Acree  and  Johnson  in  that  the  term  {C^^^n   was  by  an  over- 

*  This  Joxjrnal,  37,  410. 
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sight  inserted  instead  of  the  expression  C^7". 
in  (4)  varies  with  the  change  in  the  concentration  of  the  hy- 
drogen ions  it  is  evident  that  the  equiUbrium  between  A,  B,  C 
and  D  must  vary  with  the  change  in  the  concentration  of  the 
ions.  In  the  work  on  esters  n — m  becomes  zero  and  C^*"  be- 
comes unity,  and  the  equilibrium  is  not  appreciably  changed 
by  a  change  in  the  concentration  of  the  catalyzer.  It  is  evi- 
dent that  when  n  and  m  are  equal,  but  not  unity,  the  third 
law  of  catalysis  holds,  but  the  second  does  not. 

The  discussion  in  the  preceding  sections  appUes  equally 
well  to  the  reactions  in  which  negative  catalysis  takes  place. 
It  is  perfectly  evident  that  the  velocity  of  certain  reactions, 
reversible  or  non-reversible,  could  be  decreased  because  the 
catalyzer  combines  with  some  constituent  of  the  reacting  sys- 
tem and  hence  causes  a  decrease  in  the  concentration  of  that 
constituent.  The  conditions  for  negative  catalysis  would  be 
fulfilled  if  the  addition  product  does  not  react  directly  with 
the  other  constituents,  but  is  always  in  equilibrium  with  the 
catalyzer  and  the  other  component  of  the  addition  product, 
which  component  does  react  with  the  other  constituents. 
The  negative  catalysis  of  the  reaction  between  the  phenyl- 
thiourazole  anion  and  ethyl  iodide  by  the  hydrogen  ions  of 
hydrochloric  acid  is  a  very  good  example.  The  hydrogen 
ions  unite  with  some  of  the  phenylthiourazole  anions,  decrease 
the  concentration  of  the  phenylthiourazole  anions  and  hence 
lower  the  velocity  of  the  reaction.  Since  the  phenylthio- 
urazole formed,  however,  is  always  in  equilibrium  with  the  phen- 
ylthiourazole anions  and  the  hydrogen  ions,  the  reaction  is 
not  stopped  short  of  completion  at  all,  but  only  made  slower. 
The  general  ideas  discussed  in  the  four  preceding  sections 
apply  equally  well  to  the  formation  of  this  non- reactive  ad- 
dition product,  and  hence  to  the  negative  catalysis  by  acids, 
bases  and  salts. 

In  the  above  discussion  of  catalysis  no  attention  has  been 
given  to  the  consideration  of  the  catalytic  action  of  finely 
divided  metals,  or  other  substances,  nor  to  the  reactions  brought 
about  by  enzymes.     Both  the  metals^  and  enzymes  probably 

1  stock,  Gomolka  and  Heynemann:  Ber.  d.  chem.  Ges.,  40,  532.     Stock  and  Boden- 
stein:  Ibid.,  40,  570.     Rowe:  Z.  physik.  Chem.,  69,  41. 
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have  the  power  of  condensing  the  reaction  substances  on  their 
surfaces  and  hence  increasing  the  reaction  velocity  on  account 
of  this  increase  in  concentration  of  the  substances.  Of  course 
the  enzymes  and  metals  probably  have  also  specific  chemical^ 
catalytic  action.  These  cases  in  the  study  of  catalysis  will 
be  reported  on  later,  in  more  detail. 

The  ideas  advanced  concerning  the  catalysis  by  acids  hold 
just  as  well  for  reactions  influenced  catalytically  by  bases  and 
metallic  alcoholates. 

Conclusions. 

1.  Work  on  the  reactions  between  urazoles  and  alkyl 
halides,  on  the  rearrangement  of  acetylhalogenaminobenzene 
derivatives,  on  the  reactions  of  carbonyl  compounds  with 
hydroxy lamine  and  phenylhydrazine,  on  the  inversion  of  cane- 
sugar,  on  the  hydrolysis  of  amides,  and  on  the  formation  and 
saponification  of  esters  teaches  us  that  acids,  bases  and  salts 
may  act  as  positive  or  negative  catalyzers  and  cause  a  change 
(increase  or  decrease)  in  the  velocity  of  a  reaction  because  they 
bring  about  changes  (increase  or  decrease)  in  the  concentra- 
tions of  the  particular  ions  or  molecules  entering  into  the  re- 
action. 

2.  The  study  of  the  rearrangement  of  acetylchloramino- 
benzene  has  shown  that  the  second  law  of  catalysis  given  above 
does  not  hold  in  all  catalytic  reactions. 

3.  The  study  of  the  reactions  of  carbonyl  compounds  with 
hydroxylamine  has  shown  that  the  third  law  of  catalysis  given 
above  does  not  hold  in  all  catalytic  reactions. 

4.  A  general  discussion  of  catalytic  reactions  has  shown 
why  the  three  so-called  laws  of  catalysis  given  above  were 
deduced  from  the  experimental  material,  and  under  what  con- 
ditions they  do  or  do  not  hold  in  catalytic  reactions. 

Johns  Hopkins  University, 
May  I,  1907. 


1  Acree  and  Hinkins:  This  Journal,  28,  370. 
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CXLV.— NOTE    ON  THE  SYNTHESIS  OF    lODGORGOIC 
ACID. 

By  Henry  L.  Whkeler. 

In  1905  the  writer,  with  Dr.  G.  S.  Jamieson,  described  the 
synthesis  of  iodgorgoic  acid^  and  showed  that  this  substance, 
previously  obtained  only  from  gorgonin,^  the  axial  skeleton 
of  the  Mediterranean  coral  Gorgonia  Cavolini,  was  diiodty- 
rosin. 

Believing  at  that  time  we  were  deaHng  with  /-tyrosin,  hav- 
ing prepared  it  from  silk,  horn  and  casein  (see  below), we  stated 
"that  a  diiodtyrosin,  having  all  the  properties  of  iodgorgoic 
acid,  can  be  prepared  by  adding  a  Uttle  less  than  the  calculated 
amount  of  iodine  to  a  solution  of  /-tyrosin  in  two  molecular 
proportions  of  potassium  or  sodium  hydroxide,  at  ordinary 
temperatures." 

It  now  develops  that  Henze,^  following  our  directions  and 
using  Z-tyrosin,  has  succeeded  in  preparing  a  diiodtyrosin 
which  he  very  positively  states  is  not  identical  with  iodgorgoic 
acid.  He  found,  however,  if  our  method  is  followed,  using 
inactive  tyrosin  instead  of  the  /-modification,  that  the  prod- 
uct then  obtained  is  identical  in  every  respect  with  the  natu- 
ral iodgorgoic   acid. 

Henze's  conclusion  that  the  synthetic  diiodtyrosin  and  the 
natural  iodgorgoic  acid  are  identical  is  a  gratifying  confirma- 
tion of  the  correctness  of  our  previously  pubHshed  views; 
but  Henze  makes  it  appear  that  we  were  dealing  with  his  /-di- 
iodtyrosin, in  spite  of  the  fact  that  the  properties  of  our  di- 
iodtyrosin do  not  agree  with  those  of  this  substance.  If  it 
was  true  that  our  product  was  /-diiodtyrosin  then  we  could 
not  have  had  iodgorgoic  acid. 

We  wish  now  to  have  it  positively  understood  that  Henze's 
/-diiodtyrosin  is  certainly  not  identical  with  the  product  ob- 
tained by  us  and  which  we  described  as  iodgorgoic  acid. 

>  This  Journal,  33,  365  (1905). 

2  Drechsel:  Zeit.  f.  Biologic,  33,  90   (1896). 

s  Z.  Physiol.  Chem.,  51,  64  (1907). 
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It  is  now  obvious  that  our  tyrosin  had  been  rendered  inactive 
by  the  treatment  which  it  received  in  its  preparation,  and 
that  our  synthetic  iodgorgoic  acid  was  inactive  diiodtyrosin. 
Bmil  Fischer  states  in  regard  to  tyrosin  obtained  by  the  cleav- 
age of  proteins  by  acids:  "Ich  halte  es  aber  auch  fiir  mog- 
lich,  dass  dem  Tyrosin  welches  aus  Eiweisskorpern  durch 
Spaltung  mit  starker  Salzsaure*  *  *  *  gewonnen  ist, 
eine  wechselnde  Menge  racemischer  Base  beigemischt  ist."^ 
Henze's  /-diiodtyrosin  liberates  iodine  on  warming  with  water. 
He  says  it  often  happened  that  it  completely  decomposed 
when  an  attempt  was  made  to  dissolve  it  in  hot  water. 

It  seems  to  us  that  it  would  be  clear  to  any  one  that  we  should 
not  claim  such  a  substance  as  this,  which  decomposes  on  boiling 
with  water,  to  be  identical  with  a  product  that  is  obtained  by 
prolonged  boiling  of  protein  with  barium  hydroxide.  In  our 
paper,  page  369,  we  stated  that  the  synthetic  iodgorgoic  acid 
"  can  be  repeatedly  crystallized  from  water  without  change." 
We  found  that  it  could  be  boiled  (2  hours)  with  a  strong  solu- 
tion of  barium  hydroxide  without  any  iodine  being  removed; 
after  about  30  hours  only  10  per  cent  of  the  iodine  was  liberated. 
Finally,  we  mentioned  a  sealed  tube  experiment  to  illustrate 
its  stability:  "One- half  gram  was  heated  in  a  closed  tube, 
with  5  cc.  of  water,  for  2  hours,  at  120°- 130°;  only  a  partial 
decomposition  took  place." 

Knowing  the  properties  of  the  true  /-diiodtyrosin,  and  with 
these  facts  at  hand,  Henze,  nevertheless,  misrepresents  us 
by    continually    referring   to    our   product    as    /-diiodtyrosin. 

Henze  gives  a  characteristic  test  for  /-diiodtyrosin.  This  is 
that  if  /-diiodtyrosin  is  boiled  with  dilute  alcohol  a  peculiar 
swelling  (Aufquellen)  of  the  crystals  is  observed.  If  the  boiling 
is  continued  with  careful  addition  of  water  there  is  obtained, 
finally,  a  light  yellow  solution  (iodine)  which,  on  cooling,  gives 
a  transparent  jelly. 

A  specimen  of  our  synthetic  iodgorgoic  acid  was  found  which 
had  been  left  over  from  our  work.  This  was  treated  as  de- 
scribed in  the  above  test,  whereupon,  it  was  found  that  the 
•crystals  did  not  swell  up,  although  examined  under  the  micro- 

'Ber.  d.  chem.  Ges.,  32,  3643  (1899). 
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scope;  that  no  jelly  was  formed,  but  instead  the  material 
finally  dissolved  and  crystallized  out  again  on  cooling  un- 
altered. According  to  Henze's  own  test,  therefore,  the  sub- 
stance was  not  /-diiodtyrosin. 

In  our  previous  work  we  examined  our  synthetic  iodgorgoic 
acid  in  regard  to  its  behavior  towards  polarized  light,  and  we 
found  that  it  was  inactive.  The  amount  of  material  examined 
was  small  and,  therefore,  no  mention  was  made  of  this  obser- 
vation. 

We  prepared  our  ty rosin  for  use  from  silk,  horn  and  casein 
by  prolonged  boiling  with  sulphuric  acid,  i  part  acid  :  5  of 
water.  The  sulphuric  acid  was  removed  from  the  hot  solution 
by  an  excess  of  lime,  considerable  heat  being  generated  by 
this  treatment,  and  the  excess  of  lime  was  precipitated  from 
the  hot  solution  by  means  of  carbon  dioxide.  On  evapora- 
tion, the  tyrosin  that  separated  was  purified  in  the  usual  man- 
ner. 

Finally,  it  may  be  said  that  the  best  reaction  to  identify 
iodgorgoic  acid  is,  as  we  have  shown,  its  ready  conversion  into 
tyrosin  by  warming  with  concentrated  hydriodic  acid. 

New  Haven,  Conn., 
April,  1907. 


CXLVL— RESKARCHEvS    ON    PYRIMIDINES:    URACIL- 
4-CARBOXYLIC  ACID. 

[twenty-third  paper.] 

By  Henry  L.  Wheeler. 

In  1897,  Miiller^  described  a  substance  obtained  by  con- 
densing oxalaceticethyl  ester  with  urea  by  means  of  hydrogen 
chloride  in  glacial  acetic  acid.  His  analytical  results  showed 
that  the  condensation  involved  the  separation  of  water  and 
alcohol,  and  he  represented  the  reaction  as  taking  place  with 
the  formation  of  uracil-4-ethylcarboxylate  as  follows : 

•  J.  prakt.  Chem.,  66,  488  (1897). 


OC       +        CH 

I  II 

NHj       HOCCO.OC2H5 
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CO.OC2H,  HN CO  C.H^OH 


HN- 

I 
OC 

I 
HN- 


CH  + 

II 
-CCOOC2H5       H,0 


There  is  nothing  in  Miiller's  article,  however,  to  show  that 
the  product  formed  was  a  pyrimidine.  The  condensation 
might  result  with  the  separation  of  water  and  alcohol  from 
the  oxalyl  radical;  the  process  would  then  be  represented  as 
follows : 


NH2       COOC2H5 
OC       + 
NH2       COCH2CO2C2H, 


HN CO 

I 
OC 


C2H50H 


+ 


HN C-=CHC02C2H5       H2O 

II. 


An  acid  called  p)rvureidic  acid  (Pyvureidsaure) ,  correspond- 
ing to  this  ester,  has  been  recently  described  by  Gabriel,^  who 
obtained  it  by  treating  malyureidic  acid  with  bromine. 

Formula  III.  has  been  assigned  by  Gabriel  to  pyvureidic 
acid  since  with  bromine  water  it  yields  dibrompy^rurinic 
acid,  IV.,  the  same  substance  also  being  obtained  in  a  similar 
manner  from  brompyvureid,  V. 


HN- 

I 
OC 

I 
HN- 


-CO 


-C  =  CHCO2H 


H2N 

I 
OC 

HN- 


COOH 


CBr, 


IV. 


Ann.  Chem.  (Liebig),  348,  89  (1906). 
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HN CO 

I 
OC 

I 

HN C  =  CHBr 

V. 

Since  pyvureidic  acid  is  to  be  represented  by  formula  III., 
then  malyureidic  acid  has  the  five-membered  ring  structure, 
VI.,  given  to  it  by  Guareschi^  and  not  that  of  a  dihydrouracil- 
carboxylic  acid,  VII.,  as  represented  by  Grimaux.^ 

HN GO  HN CO 

I  I  I 

OC  OC  CH2 

I  I      I 

HN CHCH2CO2H  HN CHCO2H 

VI.  VII. 

The  writer  has  prepared  Miiller's  ester  and  finds,  on  saponi- 
fication, that  it  gives  an  acid  isomeric,  and  not  identical,  with 
Gabriel's  pyvureidic  acid.  The  action  of  bromine  water  on 
this  acid  shows  that  the  substance  is  a  pyrimidine.  This  was 
tried,  following  the  directions  given  by  Gabriel  in  the  case  of 
pyvureidic  acid.  The  acid  dissolved,  carbon  dioxide  was 
evolved  and,  on  evaporating  the  solution,  large  crystals  of 
dibrombarbituric  acid  separated.  The  reaction  can  be  repre- 
sented as  follows : 

HN CO 

I  I 

OC  CH         +  H2O  +  6Br     = 

I  II 

HN CCO2H 

HN CO 

I  I 

OC  CBr^  +  CO2  +  4HBr. 

I  I 

HN CO 

This  proves  that  the  acid  in  question  is  uracil-4-carboxylic 

>  Ber.  d.  chem.  Ges.,  10,  1748  (1877). 

»  Jahres.  d.  Chem.,  1876,  p.  752.      Ann.  chim.  phys,   [s],  11,  413   (1877).      Bull. 
Soc.  Chim.  [2],  24,  337  (1875). 
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acid  and  that  Mullet's  ester  has  the  pyrimidine  structure,  L, 
originally  assigned  to  it.  It  also  confirms  Gabriel's  conclu- 
sions that  pyvureidic  and  malyureidic  acids  are  not  pyrimi- 
dines. 

Uracil-4-carboxylic  acid  has  its  carboxyl  group  much  more 
firmly  bound  than  the  isomeric  uracil-5-carboxylic  acid.  It 
is  not  converted  into  uracil  when  heated  with  20  per  cent 
sulphuric  acid  at  200°,  while  the  isomeric  5-derivative  readily 
yields  uracil  on  heating  with  acids.  ^  This  excludes  the  possi- 
bility that  uracil  exists  in  the  nucleic  acids  as  a  4-carboxyl 
derivative.  Unlike  the  isomeric  pyvureidic  acid,  uracil-4- 
carboxylic  acid  crystallizes  with  i  molecule  of  water  of  crys- 
tallization. The  hydrous  acid  has  the  empirical  formula  of 
orotic  acid,  but  its  melting  point  is  different.  The  melting 
point  of  its  methyl  and  ethyl  esters  also  differ  from  those  of 
the  corresponding  esters  of  orotic  acid. 

The  yield  of  uracil-4-ethylcarboxylate,  by  Miiller's  method, 
is  only  about  20  per  cent  of  the  calculated,  and  attempts  were 
made  to  prepare  it  by  treating  ethylpseudothiourea  hydro- 
bromide  in  alkaline  solution  with  oxalaceticethyl  ester.  This 
gave  no  pyrimidine,  but  instead  a  pseudourea  addition  product 
or  salt.  Owing  to  the  poor  yield  of  this  product,  no  attempt 
was  made  to  convert  it  into  the  pyrimidine  by  heating,  as  has 
been  found  to  prove  successful  by  Gabriel  and  Colman  in  the 
case  of  the  analogous  addition  product  of  anisamidine  and 
acetylacetone.^  In  this  connection,  and  in  regard  to  the 
limits  of  our  general  method  for  the  preparation  of  pyrimi- 
dines, it  is  interesting  to  note  that  such  acid  molecules  as 
acetylethylcyanacetate,  CH3COCH(CN)C02C2H5,  and  oxal- 
malonic  ethyl  ester,  C2H50COCOCH(C02C2H5)2,  also  failed 
to  condense  with  the  pseudourea,  but  like  oxalacetic  ethyl 
ester,  formed  addition  products.  On  the  other  hand,  Dr. 
Johnson  has  found  that  oxalpropionic  ester, 

C2H50COCOCH(CH3)C02C2H5, 

condenses  normally  in  alkaline  solution,  giving  2-mercapto-4- 
carbethoxy-5-methyl-6-oxypyrimidine. 

>  This  Journal,  37,  392  (1907). 

2  Ber.  d.  chem.  Ges.,  32,  1529  (1899). 
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Ruhemann  and  Stapleton^  found  that  ethyl  acetylenedicar- 
boxylate,  CzHjOCOC^CCOOCzHs,  condenses  with  guanidine 
to  form  2-amino-6-oxy-4-ethylcarboxylate;  whether  uracil- 
4-carbo30clic  acid  can  be  prepared  more  readily  from  this 
substance  than  by  the  above  method,  or,  by  the  condensation 
of  the  acetylene  ester  with  a  urea  derivative,  must  be  left  for 
future  work  to  decide. 

EXPERIMEJNTAL    PART. 

HN CO 

I  i 

Uracil- 4-carboxylic  Acid,  OC  CH  . — Miiller's 

I  II 

HN CCOOH.H2O 

"  Uracilcarbonsaureathylester  "  was  prepared  according  to  his 
directions.2  It  was  found  that  18  grams  of  oxalacetic  ethyl 
ester,  after  2  weeks,  gave  a  little  over  4  grams  of  uracil-4- 
ethylcarboxylate  and  that  60  grams  of  oxalacetic  ethyl  ester 
gave  about  12  grams  of  the  crude  pyrimidine. 

The  ester  was  saponified  as  follows:  Five  grams  were  dis- 
solved in  about  60  cc.  of  hot  alcohol  and  twice  the  calculated 
amount  of  potassium  hydroxide  (3  grams)  in  10  cc.  of  water, 
was  added ;  the  whole  then  solidified  to  a  thick  mass.  A  clear 
solution  was  obtained  by  adding  about  150  cc.  of  water.  This 
was  then  evaporated  to  a  small  volume  and  the  acid  was  pre- 
cipitated by  adding  dilute  hydrochloric  acid  in  excess.  The 
yield  was  near  the  calculated.  The  acid  is  very  difficultly 
soluble  in  alcohol.  It  was  purified  for  analysis  by  crystal- 
lizing from  water.  It  is  moderately  soluble  in  hot  water, 
difficultly  soluble  in  cold,  and  it  separates  in  the  form  of  micro- 
scopic, stout,  twinned  prisms,  some  in  the  form  of  a  cross. 

0.6929  gram  substance  lost  0.0712  gram  of  water  when  heated 
I  hour  at  i25°-i30°. 


Calculated  for 

C6H4O4N2.H2O. 

Found. 

H20 

10.34 

10.26 

N 

16.09 

16.12 

»  J.  Chem.  Soc.  Proc,  16,  121  (1900). 
2  J.  prakt.  Chem.,  66,  488  (1897). 
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The  acid  usually  melts  at  347°  with  strong  effervescence ;  oc- 
casionally samples  were  obtained  which  decomposed  on  heat- 
ing without  effervescence.  It  gives  a  white,  amorphous  pre- 
cipitate with  silver  nitrate,  soluble  in  nitric  acid.  The  aqueous 
solution  gives  a  crystalline  precipitate  with  barium  chloride. 
When  heated  (0.5  gram)  with  20  per  cent  sulphuric  acid  (5  cc.) 
at  i85°-2o8°,  for  2  hours,  no  uracil  was  formed.  A  portion 
of  the  solution  was  tested  with  bromine  water  and  barium 
hydroxide^  for  uracil,  but  no  color  whatever  was  obtained. 
Therefore,  there  could  not  have  been  as  much  as  0.005  gram 
of  uracil  formed.  The  material  remaining  was  crystallized 
from  water,  whereupon  it  melted  at  347°  with  vigorous .  effer- 
vescence. 

It  was  found  that  the  acid  (0.5  gram)  was  not  attacked  by 
fuming  nitric  acid  (10  cc.)  when  boiled  and  then  evaporated 
to  dryness  on  the  water-bath.  The  operation  was  repeated 
with  20  cc.  of  fuming  nitric  acid.  There  sidue  then,  when  crys- 
tallized from  water,  melted  with  effervescence  at  347°.  This 
experiment  shows  that  in  the  preparation  of  nitrouracilcar- 
boxylic  acid, 2  by  nitrating  4-methyluracil,  it  is  the  5-position 
that  is  first  attacked. 

Action  of  Bromine  Water:  Dihromharhituric  Acid. — Three 
grams  of  the  above  acid  were  suspended  in  20  cc.  of  water  and 
6  grams  of  bromine  added.  Carbon  dioxide  was  given  off, 
and  the  acid  slowly  dissolved  when  more  bromine  was  added. 
The  solution  was  evaporated  in  a  flat  dish  at  about  50°.  It 
then  deposited  long,  colorless,  flat,  narrow  prisms;  one  that 
separated  was  2.5  inches  in  length. 


Calculated  for 
C4H203NoBr2. 

I. 

Found. 
II. 

N 
Br 

9.79 

55-94 

10.04 

9.87 

56.49 

This  material  was  compared  with  some  dibrombarbituric 
acid,  prepared  by  treating  barbituric  acid  with  bromine  and 
water,  as  above.  Similar  crystals  were  obtained.  Both 
preparations    had    the     following    properties:     they    melted, 

»  J.  Biol.  Chem.,  3,  1907. 

«  Behrend:  Ann.  Chem.  (Liebig).  229,  36  (1885). 
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when  heated  under  the  same  conditions,  with  effervescence, 
at  235°,  and  the  melting  or  decomposing  point  was  not  altered 
when  the  two  were  mixed.  Ammonium  or  barium  hydroxide 
gave  no  color. 

When  hydrogen  sulphide  was  passed  into  the  aqueous  solu- 
tion sulphur  separated,  and  then,  on  boiling  off  the  excess 
of  hydrogen  sulphide  and  adding  barium  hydroxide,  a  purple 
or  violet-blue  precipitate  was  formed.  Baeyer^  has  shown 
that  dibrombarbituric  acid  gives  dialuric  acid  when  treated 
with  hydrogen  sulphide,  and  dialuric  acid  gives  a  violet-blue 
precipitate  with  barium  hydroxide,  as  observed  by  Behrend 
and  Roosen.2  The  samples  in  alcohol  gave  precipitates  hav- 
ing the  same  appearance  when  mixed  with  alcoholic  solutions 
of  thiourea  and  ammonium  thiocyanate. 

HN CO 

I  I 

Uracil-4-methylcarboxylate,    OC  CH  . — Six- tenths 

HN CCO2CH3 

of  a  gram  of  uracil-4-carboxylic  acid  was  suspended  in  100  cc. 
of  methyl  alcohol  and  saturated  with  hydrogen  chloride. 
After  warming  a  day  the  acid  dissolved,  and  on  cooling  a  mass 
of  colorless  needles  separated.  This  ester  formed  needles 
or  prisms  from  water  and  it  melted  to  an  oil  at  230°. 

Calculated  for 

C6H6O4N0  Found. 

N  16.47  16.45 

The  Potassium  Salt,  C5H3O4N2K. — This  normal  salt  was 
formed  when  the  acid  and  potassium  hydroxide,  in  molecular 
proportions,  were  mixed  in  aqueous  solution.  Uracil-5- 
carboxylic  acid,  under  these  conditions,  gives  an  acid  salt. 
It  separated  on  cooling  the  aqueous  solution  as  a  felt-like 
mass  of  fine,  colorless  needles.  It  showed  no  signs  of  melting 
at  355°- 


Calculated  for 
C3H3O4N2K. 

I. 

Found. 

II. 

14-43 

1423 

14.17 

»  Ann.  Chem.  (Liebig),  130,  133  (1864) 
2  Ibid.,  251,  244  (1889). 
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The  Barium  Salt,  (C5H30^N2)2Ba. — This  salt  separates  in 
the  form  of  needles  or  prisms  when  hot  aqueous  solutions  of 
the  acid  and  barium  chloride  are  mixed. 

Calculated  for  Found. 

C]oHe08N4Ba.  I.  II. 

N  12.51  12.12  12.20 

Oxalaceticethyl  Ester  and  Ethyipseudothiourea  Hydrobro- 
mide. — Fifty  grams  of  Kahlbaum's  oxalaceticethyl  ester,  50 
grams  of  the  ethyl  bromide  addition  product  of  thiourea,  and 
22  grams  of  sodium  hydroxide,  in  a  little  over  100  cc.  of  cold 
water,  were  mixed  and  allowed  to  stand  over  night.  The 
next  day  about  10  grams  of  crystalline  material  had  separated. 
This  was  found  to  be  difficultly  soluble  in  water  and  readily 
soluble  in  hot  alcohol.  When  crystallized  from  a  mixture 
of  equal  volumes  of  alcohol  and  water  it  formed  balls  of  color- 
less needles,  which  melted  to  a  clear  oil  at  i33°-i34°.  The 
analytical  results  and  the  behavior  of  the  substance  agreed  with 
the  view  that  this  substance  is  an  addition  product. 


Calculated  for 
C„H.,o05N2S. 

I. 

Found. 
II. 

III. 

958 

9  33 

9    43 

9  32 

N 

When  this  substance  was  boiled  with  hydrochloric  or  hy- 
drobromic  acid  it  gave  a  product  which  melted  at  2o6°-207°. 
This  was  very  soluble  in  alcohol.  From  water  it  separated 
in  the  form  of  needles  or  prisms.  It  contained  sulphur,  but 
no  nitrogen,  and  since  it  was  not  a  pyrimidine  it  was  not 
further  examined.  The  alkaline  solution  from  which  the  ad- 
dition product  had  separated  was  acidified  with  hydrochloric 
acid;  a  small  amount  of  oil  separated  but  no  mercaptopyr- 
imidine. 

Acetylethylcyanacetate  and  Ethyipseudothiourea  Hydrobro- 
mide. — Fifteen  grams  of  acetylethylcyanacetate,  prepared  by 
Haller's  method,'  were  mixed  with  18  grams  of  the  ethyl  bro- 
mide addition  product  of  thiourea  in  18  cc.  of  water  and  then 
12  grams  of  potassium  hydroxide  in  a  little  cold  water 
added.     This  produced  a  white  precipitate,  which,  after  stand- 

'  Ann.  Chim.  Phys.  W,  17,  207  (1889). 


366  Wheeler. 

ing  over  night,  weighed  8.4  grams.  When  this  was  crystal- 
lized from  alcohol  it  gave  colorless,  twinned,  flat  prisms,  hav- 
ing the  form  of  the  letters  x  and  y.  They  melted  at  159°, 
with  effervescence,  and  were  found  to  be  free  from  ash.  The 
analytical  results  agreed  with  the  calculated  for  an  addition 
product  of  equal  molecules  of  the  pseudourea  and  acetylethyl- 
cyanacetate.  Acids  produced  no  precipitate  in  the  alkaline 
filtrate  from  this  material. 


Calculated  for 

CoHnOsN^S. 

I. 

Pound. 

II. 

16.21 

16.23 

15.86 

N 

When  boiled  with  alkali,  acids  or  acetic  anhydride,  the  sub- 
stance decomposed. 

Oxalmalonic  Ethyl  Ester^  and  Ethylpseitdothiourea  Hydro- 
bromide. — These  substances  were  mixed  with  potassium  hy- 
droxide in  molecular  proportions  in  aqueous  solution.  On 
standing  over  night,  crystals  separated;  they  were  very  solu- 
ble in  hot  water  and  somewhat  less  so  in  alcohol,  from  which 
solvent  the  material  crystallized  in  the  form  of  shining  scales, 
which  melted,  with  efifervescence,  at  181°.  This  material 
gave  analytical  results  agreeing  with  the  calculated  for  an  ad- 
dition product  of  2  molecules  of  the  pseudourea  to  i  molecule 
of  oxalmalonic  ethyl  ester. 

Calculated  for  Found. 

C,7H3oO,N4Ss.  I.  II. 

N  11.96  II   95  12.08 

When  two  molecular  proportions  of  potassium  hydroxide 
were  used,  a  granular  potassium  salt  separated  which'  was 
free  from  sulphur. 

New  Haven,  Conn., 
May,  1907. 


1  Bouveault:  Bull.  Soc.  Chim.  [3],  19,  78  (1898). 
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THE  ACTION  OF  SODIUM  ON  ACETONE. 

By  Raymond  Foss  Bacon  and  Paul  C.  Freer. 

A  number  of  years  ago  one  of  us^  described  the  action  of 
sodium  on  acetone,  showing  that  in  the  presence  of  absolute 
ether  a  white  sodium  derivative  is  obtained  which  contains 
30.17  per  cent  of  sodium  (calculated  for  sodium  acetone  28.75 
per  cent)  and  which,  on  being  added  to  dilute  hydrochloric 
acid,  regenerates  acetone.  Subsequently,^  in  a  second  dis- 
cussion of  the  subject,  it  was  demonstrated  that  hydrogen 
is  evolved  when  sodium  acts  on  acetone,  and  the  resulting 
sodium  derivative  was  again  described  as  being  white,  but 
turning  red  rapidly  on  exposure  to  air  and  moisture.  It  was 
also  shown  that  when  this  sodium  derivative  is  added  to  di- 
lute hydrochloric  acid  and  repeatedly  extracted  with  ether,  no 
condensation  products  of  acetone,  or  at  least  only  traces, 
could  be  isolated.  The  sodium  derivative,  therefore,  does  not 
contain  these  condensation  products  to  any  great  extent. 
The  mother  liquors  from  a  number  of  preparations  of  sodium 
acetone  were  carefully  retained,  united,  washed  with  water, 
extracted  with  ether  and  the  residue  distilled,  a  very  small 
quantity  of  mesityl  oxide  and  some  higher  condensation  prod- 
ucts of  acetone  being  isolated.  Again,  in  another  discussion 
of  the  subject,^  by  treating  sodium,  under  xylene,  with  ace- 
tone, 62.7  per  cent  of  the  theoretical  amount  of  hydrogen 
was  obtained,  an  observation  which  was  subsequently  con- 
firmed by  Beckmann  and  Schliebs.*  In  the  same  paper, 
in  discussing  the  preparation  and  analysis  of  the  sodium  de- 
rivative of  acetone,  it  was  shown  that  delay  during  the  prepara- 
tion of  this  derivative  always  resulted  in  increasing  the  per- 
centage of  sodium.  A  large  number  of  samples  of  acetone- 
sodium  were  .prepared,  decomposed  by  dilute,  ice-cold  acetic 
acid,  and  united  until  a  sufficient  amount  was  collected  to  study 

1  This  Journal,  12,  355  (1890). 

"  /did.,  13,  320  (1891). 

^  Ibid.,  15,  585  (1893).    Ann.  Chem.  (Liebig),  378,  116. 

*Ibid.,  389,86  (1896). 
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the  reaction  products;  acetone,  isolated  as  the  sodium  bisul- 
phite compound,  isopropyl  and  ethyl  alcohols  were  identified 
among  these.  Under  favorable  circumstances  fully  twice  as 
much  acetone  as  isopropyl  alcohol  was  isolated.  The  high- 
boiling  fractions  from  the  separation  of  the  above  substances, 
gave  pinacone,  a  small  quantity  of  phorone  and,  presumably, 
reduction  products  of  the  latter.  Mesityl  oxide  could  not  he 
isolated.  A  portion  of  the  reaction  product  of  sodium  on 
acetone  was  found  to  be  soluble  in  ether;  this,  on  careful 
evaporation,  gave  a  yellow  powder,^  which  oxidized  in  the  air 
with  remarkable  readiness.  When  this  residue  was  acidified 
an  oil  separated,  which  was  isolated,  and  the  presence  of 
acetone  was  afterward  proved  in  the  solution.  The  high- 
boiling  portion  of  the  residue  was  phorone.  These  high- 
boiling  oils  react  readily  with  phenylhydrazine.  No  iso- 
propyl alcohol  and  but  very  little  pinacone  can  be  found 
among  the  products  of  decomposition  of  this  soluble  portion 
obtained  by  the  action  of  sodium  on  acetone,  but  by  far  the 
greater  part  of  the  condensation  products  produced  by  the 
action  of  sodium  on  acetone  are  found  in  this  residue.  In 
proportion  as  such  condensation  products  are  produced,  the 
percentage  of  sodium  in  sodium  acetone  will  be  increased. 

Recently,^  Millicent  Taylor  has  returned  to  the  subject 
and  comes  to  the  remarkable  conclusion  that  acetone-sodium 
"consists  chiefly  of  caustic  soda  mixed  with  a  small  propor- 
tion of  the  sodium  derivatives  of  alcoholic  reduction  and  con- 
densation products  of  acetone." 

Apart  from  the  fact  that  in  her  discussion  Miss  Taylor 
completely  ignored  the  careful  description  given  by  one  of 
us  of  all  of  the  products  obtained  by  the  action  of  sodium  on 
acetone,  the  statement  made  by  her  that  "so-called 
sodium  acetone"  contains  50.4  per  cent  of  sodium  would,  in 
itself,  be  sufficient  to  raise  a  doubt  as  to  the  accuracy  of 
her  results.  In  our  opinion  the  fact  that  the  product  of  the 
action  of  sodium  on  acetone,  after  all  acetone  and  solvent 
has  been  removed,  regenerates  acetone  in  large  amount 
when  acidified,  is  conclusive  evidence  of  the  existence  of  sodium 

1  Our  work  shows  that,  under  proper  conditions,  this  residue  is  white. 
3  J.  Chem.  Soc,  89,  1258  (1906). 
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acetone,  and  this  fact  was  repeatedly  emphasized  in  the  first 
series  of  papers  on  this  subject,  but  ignored  by  Miss  Taylor 
in  her  discussion.  Nevertheless,  we  have  deemed  it  necessary 
to  repeat  the  work,  and  here  it  may  be  said  that  at  no  time, 
even  with  the  absence  of  all  of  the  usual  precautions,  were 
we  able  to  find  as  much  as  50  per  cent  sodium  in  the 
derivative  of  the  action  of  sodium  on  acetone;  in  ether  we  ob- 
tained 29.2-30.9  per  cent  of  sodium,  and  the  highest  deter- 
mination, in  petroleum  ether,  gave  us  35.5  per  cent,  these  re- 
sults being  in  accord  with  those  previously  obtained  by  one 
of  us.  In  carefully  reading  Miss  Taylor's  paper  it  becomes 
evident  that  she  always  had  a  red  substance  present  after 
the  action  of  sodium  on  acetone,  both  in  her  experiments  on 
the  determination  of  the  amount  of  sodium  in  the  insoluble 
precipitate  and  in  the  soluble  portion.  It  has  in  the  past  been 
expressly  stated  that  sodium  acetone,  when  prepared  with 
all  precautions,  is  white  and  that  reddening  is  due  to  decom- 
position in  the  air  or  by  reason  of  moisture. 

EXPERIMENTAL. 

Sodium  acetone  is  a  very  sensitive  substance.  When  prop- 
erly prepared  and  when  air  and  moisture  are  rigidly  excluded 
it  is  a  snow-white,  flocculent  solid.  On  exposure  to  the  air 
and  to  moisture  it  becomes  pink,  then  red  and  brown,  an  oil 
at  the  same  time  separating;  the  color  changes  represent  the 
formation  of  sodium  hydroxide  and  condensation  products 
of  acetone.  Of  course,  as  had  previously  been  shown,  sodium 
acetone  also  contains  sodium  isopropylate,  some  sodium 
pinaconate  and,  in  the  reactions  performed  under  ether,  some 
sodium  ethylate.  All  ether  which  we  used  in  these  experi- 
ments was  repeatedly  dried  and  distilled  from  sodium  wire 
until  this  wire  remained  perfectly  bright  under  the  solvent. 
The  acetone  was  from  the  bisulphite  compound  and  was  dried 
four  times  over  phosphorus  pentoxide,  each  time  being  poured 
off  and  distilled.  Dry  hydrogen  was  run  through  the  acetone 
for  some  hours  to  remove  any  air  or  carbon  dioxide  and  it  was 
then  kept  over  fused  sodium  sulphate  and  protected  from 
moisture  and  carbon  dioxide  by  tubes  containing  phosphorus 
pentoxide  and  soda  lime. 
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Experiment  i. — The  apparatus  used  was  that  described  by 
Freer. ^  About  1.6  grams  of  sodium,  cut  under  coal  oil  and 
then  washed  with  absolute  ether,  were  rapidly  squeezed  as  a 
very  fine  wire  into  about  50  cc.  of  absolute  ether  in  the  reac- 
tion flask,  and  the  apparatus  quickly  closed.  Dry  and  pure 
hydrogen  was  now  run  through  the  apparatus  for  3  hours. 
The  reaction  flask  was  then  surrounded  by  ice  and  10  cc.  of 
acetone  dissolved  in  50  cc.  of  absolute  ether,  gradually  added 
through  a  dropping  funnel.  Bubbles  of  hydrogen  were  given 
off  and  the  separation  of  a  white,  gelatinous  precipitate  soon 
commenced.  When  all  of  the  sodium  had  disappeared,  the 
ether  and  precipitate  were  sucked  into  a  filtering  tube,  the 
latter  washed  eight  times  with  absolute  ether,  using  50  cc.  each 
time  and  always  sucking  as  dry  as  possible.  The  precipi- 
tate was  then  dried  to  constant  weight  in  a  current  of  hydro- 
gen, weighed,  and  decomposed  with  dilute,  ice-cold  sulphuric 
acid.  Only  a  minute  amount  of  acetone  condensation  prod- 
ucts was  obtained,  as  the  sodium  salt  was  practically  completely 
soluble  in  water.  In  no  instance,  if  the  sodium  derivative 
had  been  properly  prepared,  was  there  more  than  a  drop  or 
two  of  insoluble  oil.  When  small  amounts  of  air  or  moisture 
gain  access  to  the  sodium  derivative,  or  when  the  decompo- 
sition by  acids  is  not  carefully  conducted,  then  these  condensa- 
tion products  result,  the  greater  the  decomposition  the  greater 
their  amount. 

There  were  obtained  2.65  grams  of  pure,  white  sodium  ace- 
tone, containing  0.8052  gram  sodium. 

Required  for  CsHjONa.  Found. 

Na  28.75  30 -3 

The  acid  solution  resulting  from  the  decomposition  of  the 
product  of  the  action  of  sodium  on  acetone  was  now  rendered 
alkaline  with  ammonia  and  iodine,  dissolved  in  ammonium 
iodide,  added  until  the  color  of  iodine  no  longer  disappeared. 
There  resulted  6.5  grams  of  iodoform,  equal  to  i.o  gram  acetone, 
or  53  per  cent  of  the  amount  calculated  for  pure  sodium  ace- 

1  This  Journal,  15,  588  (1893). 
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tone.^  Undoubtedly,  some  loss  of  iodoform  occurs  in  evapo- 
rating its  ethereal  solution,  and  all  acetone  is  not  converted 
into  iodoform,  so  that  the  percentage  of  acetone  is  probably 
really  higher  than  given  above. 

Experiment  2. — About  1.5  grams  of  sodium  wire  were  dis- 
solved in  an  excess  of  acetone  diluted  with  absolute  ether, 
the  whole  being  in  an  Ehrlenmeyer  flask  havinga  very  small  neck. 
The  flask  was  not  surrounded  by  ice,  the  heat  generated  by 
the  reaction  evidently  volatilizing  enough  ether  to  exclude 
air;  the  sodium  derivative  remained  white.  The  sodium 
compound  was  now  rapidly  filtered  on  a  Hirsch  funnel  by 
means  of  a  strong  suction,  quickly  washed  six  times  with  ether 
and  then  dried  in  a  vacuum  desiccator  over  sulphuric  acid 
and  parafiin.  The  salt  was  somewhat  pink,  but  as  soon  as  it 
was  dry  it  was  weighed  to  o.  i  gram  as  quickly  as  possible  and 
then  thrown  into  ice-cold,  dilute  acid.  The  acid  was  now 
saturated  with  potassium  carbonate  and  the  low-boiling  por- 
tion distilled  on  a  water-bath.  The  distillate  was  saturated 
with  a  solution  of  sodium  bisulphite  and  the  whole  cooled 
in  ice  for  an  hour.  The  acetone-sodium  bisulphite  (4.5  grams 
from  3.8  grams  of  sodium  compound)  was  filtered  and  decom- 
posed with  sodium  carbonate,  the  acetone  being  distilled. 
There  resulted  i  gram  of  acetone  boiling  at  54°-57°. 

Experiment  3. — This  was  carried  out  the  same  as  Ex- 
periment 2,  with  the  difference  that  a  sodium  determination 
was  made  by  using  an  excess  of  standard  acid  (found  30.9 
per  cent).  This  experiment  gave  4.2  grams  of  iodoform, 
corresponding  to  somewhat  less  than  one-half  the  theoretical 
yield  of  acetone  for  pure  sodium  acetone. 

As  will  be  seen,  even  in  the  above  two  experiments,  when  air 
was  not  rigidly  excluded  and  where  the  sodium  derivative 
was  not  handled  with  particular  care,  no  such  high  percentage 

1  We  have  once  more  tested  this  method  of  determining  acetone  in  the  presence 
of  isopropyl  or  ethyl  alcohol,  and  can  confirm  the  former  statements  of  Freer 
►  that  it  is  sufficiently  accurate  for  the  work  in  hand,  the  results  being  under  rather 
Ithan  over  the  amount  of  acetone.  Dinger's  very  convenient  method  of  determining 
"acetone  is  unsuitable,  as  both  isopropyl  alcohol  and  mesityl  oxide  give  precipitates 
with  his  reagent.  Denig^s  :  Compt.  rend.,  137,  963  (1898);  Ann.  Chim.  Phys.,  18,  400 
(1899);  Bull.  Soc.  Chim.,  3,  ai,  241  (1899).  Oppenheimer:  Ber.  d.  chem.  Ges.,  3a,  986 
1899);  Centrabl.  II,  888  (1899). 
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of  sodium  as  that  obtained  by  Miss  Taylor  was  found.  In- 
deed, in  a  long  series  of  experiments  we  have  never  been  able 
to  obtain  her  results,  which  can  only  be  accounted  for  by 
a  deep  decomposition  of  her  sodium  derivative  and  the 
wasliing  out  of  the  acetone  condensation  products  which 
would  be  formed.  If  this  decomposition  were  allowed  to  go 
far  enough,  then  practically  nothing  but  sodium  hydroxide 
mixed  with  the  sodium  derivatives  of  alcoholic  reduction  prod- 
ucts, would  remain. 

Experiment  4. — This  was  performed  as  was  Experiment 
I,  with  the  exception  that  petroleum  ether  was  substituted 
as  a  solvent.  The  reaction  in  this  case  is  not  so  clean  cut  as 
with  ether;  the  resulting  compound  is  somewhat  pink  and 
the  sodium  percentage  higher. 

1.745  grams  of  the  sodium  derivative  gave  0.6203  gram  of 
sodium  and  3.4  grams  of  iodoform,  equivalent  to  35.5  per  cent 
of  sodium  and  0.52  gram  of  acetone  equivalent  to  41.0  per 
cent,  respectively. 

Experiment  5. — The  apparatus  was  the  same  as  in  Experi- 
ment I.  The  sodium  compound,  as  obtained,  weighed  8.515 
grams  and  gave  2.567  grams  of  sodium,  equivalent  to  30. 14  per 
cent.  After  the  sodium  salt  had  been  decomposed  the  acid 
solution  was  divided  into  4  parts.  One  of  these  was  satura- 
ted with  sodium  acetate,  then  made  very  slightly  alkaline 
and  the  theoretical  quantity  of  semicarbazide  hydrochloride 
was  added.  A  precipitate  of  crystalline  needles  rapidly  formed. 
This  mixture  after  standing  for  12  hours  in  the  ice  chest 
was  filtered  and  gave  1.2  grams  of  acetone  semi- 
carbazone,  m.  p.  186°.  This  was  identical  in  all  respects 
with  a  specimen  of  the  same  body  prepared  for  comparative 
purposes.  One-eighth  of  the  original  acidified  solution  gave 
1.3  grams  of  iodoform. 

Experiment  6. — ^The  conditions  were  the  same  as  in  Experi- 
ment I.  Eight  and  twenty-five  one-hundreths  grams  of 
sodium  derivative  were  obtained;  from  one-half  of  this,  acidi- 
fied, etc.,  2.9  grams  of  acetone  semicarbazone,  m.  p.  186°, 
were    separated;    from    one-quarter    2.2    grams    of    iodoform 
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were  precipitated.  One  other  sodium  determination  gave 
us  29.2  per  cent  of  sodium. 

The  above  experiments  render  it  practically  certain  that  a 
sodium  derivative  of  acetone  exists  among  the  products  of 
the  action  of  sodium  on  acetone,  as  acetone  is  obtained  by 
their  decomposition  with  acids.  However,  it  might  possi- 
bly be  true  that  the  reaction  product  is  sodium  isopropylate 
together  with  some  sodium  hydroxide  and  that  the  acetone  which 
is  found  is  held  by  the  sodium  isopropylate  in  a  combination 
somewhat  similar  to  alcohol  of  crystalhzation.  That  this 
is  unhkely  is  proved  by  the  fact  that  the  sodium  derivative 
formed  by  the  action  of  sodium  on  acetone,  after  filtering  and 
washing,  was  dried  in  vacuo  to  constant  weight,  while  at  the 
same  time  it  was  warmed  until  decomposition  began.  If 
acetone  was  present  in  a  condition  such  as  the  above,  it  cer- 
tainly would  be  driven  off  by  this  treatment;  nevertheless, 
the  sodium  derivative  behaved  as  usual  when  it  was  added  to 
dilute  acid.  That  sodium  isopropylate  does  not  behave  like 
sodium  acetone,  even  when  it  is  mixed  with  acetone,  is 
shown  by  the  following : 

Experiment  7. — Two  and  five-tenths  grams  of  sodium  were 
dissolved  in  an  excess  of  isopropyl  alcohol  and  diluted  with 
absolute  ether.  The  white  color  did  not  change  in  the  least 
when  the  derivative  was  allowed  to  stand  for  three  hours  in  an 
open  beaker,  whereas  the  product  of  the  action  of  sodium  on 
acetone,  placed  beside  it  under  the  same  conditions,  decomposed 
and  completely  changed  in  five  minutes.  When  acetone  was 
added  to  sodium  isopropylate  under  ether,  the  resulting  mix- 
ture remained  unchanged  for  a  long  time  when  exposed  to 
the  air,  although  after  one  hour  it  had  assumed  a  slightly  pink 
tinge.  It  was  now  filtered,  washed  three  times  with  absolute 
ether,  dried  and  thrown  into  dilute  sulphuric  acid.  The  usual 
acetone  test  gave  no  trace  of  iodoform.  Acetone  is,  there- 
fore, not  retained  by  sodium  isopropylate. 

Miss  Taylor  suggests  that  the  reaction  first  observed  by 
one  of  us  may  be  due  to  the  formation  of  the  sodium  salt  of 
diacetone  alcohol,  (CH3)2C(OH)CH2COCH3.  This  compound 
is  formed  from  acetone  in  the  cold,  under  the  influence  of  hy- 
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droxyl  ions.  Koelichen^  has  shown  that  in  the  presence  of 
hydroxyl  ions  there  is  an  equiHbrium  between  the  amounts 
of  acetone  and  of  diacetone  alcohol;  thus,  with  a  concentra- 
tion of  hydroxyl  ions  represented  by  a  lo  per  cent  solution  of 
sodium  hydroxide,  the  quantity  of  diacetone  alcohol  is  3  per 
cent  of  the  total  acetone,  and  smaller  in  quantity  for  a  lower 
concentration  of  the  ions.  The  sodium  compound  of  this 
body  would  contain  14.73  per  cent  of  sodium.  We  have  pre- 
pared diacetone  alcohol  according  to  the  method  of  Koelichen 
and  subjected  it  to  the  action  of  sodium.  The  alcohol  was 
diluted  with  absolute  ether  and  in  an  open  beaker  dissolved 
sodium  very  rapidly,  with  marked  reddening  of  the  resulting 
compound,  the  action  resembHng  closely  that  observed  when 
acetone  is  similarly  treated  in  the  open  air,  but  on  acidifying 
the  product,  mesityl  oxide  and  other  condensation  products 
of  acetone  are  separated,  and  the  presence  of  acetone  could  be 
demonstrated  in  the  solution  by  the  formation  of  its  semicarba- 
zone,  m.  p.  185°-!  86°. 

A  different  result  is  obtained  in  an  atmosphere  of  dry  hy- 
drogen. In  the  apparatus  used  in  Experiment  i,  and  under 
absolute  ether,  diacetone  alcohol  is  only  very  slowly  attacked 
by  sodium,  giving  a  yellowish  sodium  derivative.  Over  four 
hours  were  consumed  in  dissolving  0.5  gram  of  sodium  in  5.5 
grams  of  the  alcohol.  The  precipitate  was  filtered,  dried  in  a 
current  of  hydrogen  and  dissolved  in  dilute  acid,  a  considera- 
ble quantity  of  condensation  products  of  acetone  separating. 
Seventy-four  hundredths  gram  of  the  sodium  derivative  gave 
1.067  grams  of  sodium  sulphate  or  46.8  per  cent  of  sodium.  It 
seems  evident,  therefore,  that  sodium  acting  on  diacetone 
alcohol  really  does  give  sodium  hydroxide  and  the  condensa- 
tion products  of  acetone ;  the  reaction  is,  however,  so  radically 
different  from  the  action  of  sodium  on  acetone,  and  the  con- 
densation products  so  prominent,  whereas  there  are  scarcely 
any  when  pure  sodium  acetone  is  dissolved  in  dilute  acids, 
that  the  theory  that  diacetone  alcohol  is  first  formed,  subse- 
quently to  be  acted  on  by  sodium,  must  be  abandoned.  There 
remains  only  the  question,    then,    whether    sodium    acetone 

1  Z.  physik.  Chem.,  33,  129  (1900).    Heintz  :  Ann.  Chem.  (I,iebig),  169,  114  (1873). 
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may  not  react  with  acetone  to  give  the  sodium  derivative 
of  diacetone  alcohol,  although  in  this  event  the  percentage 
of  sodium  found  should  be  very  much  less  than  it  really  is. 
However,  apart  from  this,  in  the  absence  of  condensation 
products  of  acetone  on  acidifying,  it  must  be  presumed,  to 
account  for  the  acetone  which  is  always  found  in  the  acidified 
solutions  of  sodium  acetone,  that  the  diacetone  alcohol  would 
promptly  be  reconverted  into  acetone  during  this  process. 
Rigidly,  to  exclude  this  supposition,  we  performed  the  follow- 
ing experiment : 

Experiment  8. — Four  grams  of  diacetone  alcohol  were  dis- 
solved in  20  cc.  of  ethyl  alcohol  and  20  cc.  of  water.  The 
solution  was  saturated  with  sodium  acetate  and  4  grams  of 
semicarbazid  hydrochloride  were  added.  The  solution  was 
then  rendered  very  faintly  alkaline  and  placed  in  ice-water 
for  I  hour,  being  vigorously  scratched  with  a  glass  rod.  No 
precipitate  appeared.  To  be  sure  that  the  conditions  were 
correct  for  the  formation  of  a  semicarbazone,  the  solution 
was  divided  into  two  equal  portions.  To  the  second  portion 
2  grams  of  acetone  were  added,  whereupon  a  precipitate  of 
crystalline  needles  immediately  appeared.  Four  grams  of 
semicarbazide  hydrochloride  were  now  added  to  this  portion 
of  the  original  solution,  so  that  enough  of  the  reagent 
should  be  present  to  precipitate  all  acetone  and  all  diacetone 
alcohol,  should  it  form  a  semicarbazone.  Both  the  original, 
unchanged  portion  and  the  second  one  were  kept  in  the  ice- 
chest  over  night.  In  the  morning,  the  first  portion,  to 
which  no  acetone  had  been  added,  contained  a  very  faint  pre- 
cipitate of  acetone  semicarbazone,  0.0 1  gram,  m.  p.  185°-! 86°, 
so  that  a  very  small  amount  of  acetone  had  been  separated  by 
hydrolysis.  From  the  second  portion,  2.5  grams  of  acetone 
semicarbazone  were  isolated,  m.  p.  186°. 

From  the  above  result  it  is  evident  that  the  acetone  semi- 
carbazone obtained  in  the  preceding  experiments  could  not 
have  originated  in  the  sodium  derivative  of  diacetone  alco- 
hol, as  the  hydrolysis  of  the  latter  body  proceeds  slowly. 

The  above  results  confirm  the  previous  work  in  every  way 
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and  establish  the  fact  that  the  action  of  sodium  on  acetone 
gives  a  sodium  derivative  which  can  only  be  sodium  acetone. 
In  view  of  these  conclusions  it  is  not  deemed  necessary 
further  to  discuss  Miss  Taylor's  work  because,  apparently, 
she  had  not  reproduced  the  conditions  under  which  Freer 
worked.  A  very  short  review  of  some  of  the  chief  facts  estab- 
lished in  the  earlier  literature,  and  which  Miss  Taylor  appears 
not  to  have  considered,  may  not  be  out  of  place,  as  it  will  serve 
to  recall  some  of  the  arguments  which  were  not  discussed  in 
Miss  Taylor's  paper.  The  portion  of  the  product  of  the  action 
of  sodium  on  acetone,  which  is  insoluble  in  ether,  was  shown 
by  Freer^  to  consist  of  acetone  sodium,  sodium  isopropylate 
and  disodium  pinaconate,  the  soluble  portion  of  a  sodium 
derivative  of  acetone;  no  sodium  isopropylate  was  isolated 
from  this  soluble  portion  and,  if  it  is  not  carefully  acidified, 
mesityl  oxide  and  phorone  are  also  obtained.  In  studying 
the  products  of  the  action  of  ethyl  chlorcarbonate  on  sodium 
acetone.  Miss  Taylor  suggests  that  a  mixture  of  ethyl  isopropyl- 
carbonate  and  diethyl  carbonate  would  yield  34  per  cent  of 
carbon  dioxide,  whereas  Freer  found  33.89  per  cent  on  decom- 
posing the  oil  boiling  at  128°-! 29°  and  produced  by  the  inter- 
action of  sodium  acetone  and  ethyl  chlorcarbonate — calculated 
CO2  for  CH3C(OC02C2H5) :  CH2,  33.84  per  cent;  but  Miss  Tay- 
lor appears  to  have  overlooked  the  statement^  that  Freer 
also  proved  the  presence  of  ethyl  alcohol  and  acetone  in  the 
products  left  after  saponification.  If  acetone  had  been  pres- 
ent as  mesityl  oxide,  the  percentage  of  carbon  dioxide  would 
have  fallen  very  much.  It  was  further  shown  by  Freer  that 
the  fraction  boiling  at  128°^  yielded,  on  decomposition  with 
dilute  acid,  a  sufficient  amount  of  acetone  to  allow  of  its  being 
separated  as  the  acetone  sodium  bisulphite  compound.  Found : 
carbon  dioxide,  33.7  per  cent.  The  quantity  of  ethyl  alcohol 
was  less  than  one-half  the  organic  liquid  isolated;  it  boiled  at 
78°.  We  should  therefore,  if  we  were  dealing  with  a  mixture 
of  diethyl  carbonate,  ethyl  isopropyl  carbonate  and  mesityl 
oxide,  need  to  assume  a  large  proportion  of  the  latter  sub- 

1  This  Journal,  15,  592  (1893). 
i/bid.,  13.325(1891)- 
«/*»rf.,  17,  II  (1895). 
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stance  to  be  present,  and  this  would  inevitably  have  lowered 
the  carbon  dioxide  very  markedly.  Furthermore,  the  oil 
boiling  between  132°  and  137°  yielded  30  per  cent  of  acetone 
(calculated,  48.8  per  cent)  and  this  figure,  because  of  the  diffi- 
culties in  quantitative  estimation,  is  undoubtedly  too  low. 
It  does  not  seem  reasonable  to  assume  that  an  oil  which  would 
contain  a  sufi&cient  quantity  of  mesityl  oxide  to  yield  so  much 
acetone  would  not  further  react  with  phenylhydrazine,  but, 
on  the  other  hand,  this  percentage  would  correspond  to  a  total 
of  62  per  cent  of  the  isoacetone  ester  in  the  oil.  Miss  Taylor's 
supposition  is  that  this  acetone  comes  from  mesityl  oxide 
present  in  the  mixture.  If  enough  mesityl  oxide  occurred 
in  the  mixture  to  yield  30  per  cent  of  acetone,  then  the  carbon 
dioxide  found  would  be  reduced  11  per  cent,  to  say  nothing 
of  the  change  brought  about  in  the  analytical  results.  A 
mixture  which  consists  of  ethyl  isopropyl  carbonate,  diethyl 
carbonate  and  sufficient  mesityl  oxide  to  yield  30  per  cent  of 
acetone,  and  which  will  also  give  33.7  per  cent  of  carbon  di- 
oxide, cannot  be  calculated.  Miss  Taylor  allowed  her  reaction 
product  to  stand  over  phenylhydrazine  for  four  days.  It  is  possi- 
ble that,  if  ethyl  isopropenyl  carbonate  was  present  at 
all,  it  would  by  that  time  have  reacted  with  phenylhydrazine; 
it  is  also  possible  that,  owing  to  some  variation  in  her  work, 
Miss  Taylor  never  had  the  substance  in  the  oil  she  prepared. 
Attention  is  further  called  to  the  fact  that  Freer  obtained 
enough  2-chlorpropene,  by  the  action  of  phosphorus  penta- 
chloride,  to  isolate  this  very  low-boiling  substance.  The  re- 
action product  also  absorbs  bromine  in  the  cold,  without  yield- 
ing hydrobromic  acid. 

Miss  Taylor  did  not  use  benzoyl  chloride  in  studying  the 
composition  of  sodium  acetone,  substituting  /)-nitrobenzoyl 
chloride  therefor.  Again,  in  her  reaction  she  does  not  seem 
to  have  had  a  sodium  derivative  which  acted  like  the  one  de- 
scribed above,  for  she  obtained  none  of  the  addition  products 
described  by  Freer  as  a  result  of  the  action  of  benzoyl  chloride 
on  sodium  acetone.  That  /)-nitrobenzoyl  chloride  might  not 
form  an  isoacetone  ester  is  conceivable,  but  in  that  event  it 
should  give  addition  products.     Freer,  in  studying  the  action 
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of  benzoyl  chloride  on  sodium  acetone,  separated  the  reaction 
products  into  2  parts,  one  soluble  in  alkalies,  the  other  insolu- 
ible.  In  this  instance,  the  insoluble  oil,  12  grams,  boiling  at 
120°  (39  mm.)  added  bromine  in  the  cold,  gave  acetone  in 
suflBcient  quantity  to  be  isolated  from  the  sodium  bisulphite 
compound,  isopropyl  alcohol  and  ethyl  alcohol.  The  liquid 
containing  the  acetone  was  twice  as  great  in  volume  as  the 
remainder.  The  portion  of  the  reaction  product  which  was 
soluble  in  alkalies  yielded  acetophenone,  mono-  and  dihenz- 
oyl  acetone.  Here  we  are  not  dealing  with  a  mixture  of  oils, 
but  with  crystalline  solids  which  can  be  isolated  in  the  pure 
state.  It  is  difficult  to  see  how  mono-  and  dibenzoylacetone 
could  result  from  a  mixture  of  condensation  products  of  ace- 
tone, sodium  isopropylate  and  sodium  hydroxide.  Sodium 
acetone  must  have  taken  part  in  the  reaction. 

It  should  also  be  remembered  that  Freer  and  Lachman,^ 
in  studying  the  action  of  sodium  on  methyl  propyl  ketone, 
obtained  22.1  per  cent  of  sodium  in  the  derivative;  calculated 
21.3  per  cent,  isolated  dibenzoyl  methyl  propyl  ketone,  and 
from  2  grams  of  the  portion  insoluble  in  alkali  obtained  0.9 
gram  of  benzoic  acid,  i  gram  of  methyl  propyl  ketone,  some 
halogenated  oil  and  hydrochloric  acid.  The  entire  2  grams 
is,  therefore,  accounted  for.  The  formation  of  intermediate 
addition  products  was  also  demonstrated. 

Pure  mesityl  oxide  reacts  so  energetically  with  sodium  that 
the  products  may  even  take  fire  with  explosive  violence;  the 
sodium  compound  is  so  unstable  that  it  cannot  be  isolated. 

From  the  above  considerations  it  is  evident  that  the  original 
descriptions  of  sodium  acetone  call  for  no  change.^ 

1  This  Journal,  19,  878  (1897). 

-  Since  the  above  was  written  an  article  by  Levi  and  Voghera  (Gazz.  chim.  Ital. 
(1905),  36.  I.  277)  has  come  to  our  attention.  These  investigators  studied  the  electrol- 
ysis of  KSCN,  KI  and  Nal  in  acetone  solution,  water  being  rigidly  excluded  from 
their  solutions.  At  the  cathode,  sodium-acetone  and  potassium-acetone  respectively 
separated  as  white  substances.  With  water  these  gave  acetone  and  sodium  or  potas- 
sium hydroxides.  The  potassium-acetone  gave  40.70  per  cent,  of  potassium  (calcula- 
ted 40.62  per  cent.),  and  dissociated,  when  placed  in  water,  into  acetone,  potassium 
and  hydroxyl  ions,  the  correct  lowering  of  the  freezing-point  for  a  molecular  weight 
of  96  being  obtained  (found  95.3). 

Manila, 
January,  1907. 
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REVIEWS. 

Handbook  of  Meta.i,IvURGY.  By  C.  Schnabei*.  Translated  by  H. 
lyOUis.  Vol.  II.  I/ondon  and  New  York  :  Macmillan  &  Co.,  Limited. 
1905.     Price,  I6.50. 

Volume  I  of  Schnabel's^  "Handbook  of  Metallurgy,"  trans- 
lated by  Ivouis,  which  covers  the  major  non-ferrous  metals, 
copper,  lead,  silver  and  gold,  appeared  in  1905  and  was  re- 
viewed by  the  present  writer.^  The  translation  of  the  second 
and  concluding  volume,  treating  of  the  eleven  minor  non-fer- 
rous metals — zinc,  cadmium,  mercury,  bismuth,  tin,  anti- 
mony, arsenic,  nickel,  cobalt,  platinum  and  aluminium — is 
based  upon  the  second  German  edition,  which  appeared  in  1904. 
The  criticisms  offered  on  Volume  I.  hold  good  for  the  present 
Volume  II.  To  these  may  be  added  that,  while  American 
books  on  the  four  major  non-ferrous  metals,  written  by  special- 
ists, were  on  the  market  when  Volume  I.  appeared,  this  is  not 
the  case  with  Volume  II.,  if  we  except  the  standard  work  of 
Ingalls  upon  the  metallurgy  of  zinc  and  cadmium.  Volume 
II.,  therefore,  is  the  only  EngUsh  book  covering  the  field  and 
will  be  welcomed  by  metallurgists  and  chemists,  especially 
as  the  metallurgical  practice  of  some  of  the  minor  metals  in  the 
United  States  is  still  in  its  infancy.  Here  the  experience 
of  Europe  must  form  the  basis  of  the  development  of  methods 
suited  to  new  economic  conditions.  The  present  second 
edition  of  1907  has  841  pages,  against  664  of  the  first  edition 
of  1898,  showing  an  increase  of  177  pages.  The  larger  part  of 
these,  76  pages,  is  given  to  the  metallurgy  of  zinc,  mainly  on  ac- 
count of  the  appearance  of  Ingalls's treatise; next  comes  nickel 
with  26  pages;  then  follows  tin  with  22;  mercury  with  18; 
and  aluminium  with  14;  leaving  21  pages  for  the  remaining 
six  metals.  h.  o.  hofman. 


UbER   Mohnbau  und   Opiumgewinnung.      By   H.   Thoms.     Berlin  : 
Gebriider  Borntraeger.     1907.     pp.  60. 

In  this  monograph,  which  was  pubUshed  in  the  Berichte 
der  deutschen  Pharmazeutischen  Gesellschaft  the  author 
gives  a  history  of  the  culture  of  opium  and  its  production. 
All  countries  of  Europe,  as  well  as  the  United  States,  have  tried 
to  raise  opium,  because  of  its  remunerative  qualities  and  its 
importance  as  a  drug ;  but  in  all  of  them  the  project  has  been 
dropped  because  of  the  inability  to  compete  with  the  opium  of 
Turkey,  India  and  Persia,  on  account  of  cheaper  labor  in  the  latter 
countries,  and  to  the  enormous  variation  in  the  morphine  content 

1  This  Journal,  35.  473  (1906). 
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of  the  opium  from  year  to  year,  due  to  variation  in  climatic 
conditions.  A  poppy  field  that  yielded,  in  1898,  an  opium 
containing  12  to  18  per  cent  of  morphine,  and  was  hence  consid- 
ered a  very  good  opium,  would  in  1899  yield  as  much  opium, 
perhaps,  but  the  yield  of  morphine  wouM  fall  to  5  per  cent. 
In  order  to  give  the  question  a  thorough  trial,  the  author 
planted  at  Dahlem  near  Berlin,  in  Germany,  poppy 
seed  obtained  from  Turkey,  Germany  and  Persia.  The  poppy 
plants  bloom  in  the  latter  part  of  June  and  after  ten  days  the 
unripe  capsules  or  poppy  heads  are  sufficiently  developed 
to  cut  them  with  a  sharp  knife,  so  that  each  capsule  receives 
six  cuts  across  its  side.  The  gum  exudes  and  dries  on  the  sur- 
face in  globules  which  are  scraped  ofif  next  morning.  The  same 
capsules  can  be  thus  cut  on  three  successive  days  before  the  yield 
of  the  gum  begins  to  decrease,  and  for  several  weeks  altogether 
before  they  cease  exuding  any  gum.  The  German  poppy  plants 
matured  much  more  slowly  than  the  oriental  plants,  but  de- 
veloped into  larger  and  sturdier  specimens.  It  was  found 
that,  in  the  same  soil,  Smyrna  poppy  seed  yielded  in  1905 
0.040  gram  of  dry  opium  per  capsule,  and  in  1906,  0034  gram 
of  dry  opium;  German  blue  poppy  seed  yielded  in  1905,  0.122 
gram,  and  in  1906,  0038  gram  dry  opium,  and  German  white 
poppy  seed  yielded,  in  1905,  0.141,  and  in  1906,  0037  gram  of 
dry  opium  per  capsule.  This  showed  the  great  variation  in 
the  yield  when  raised  in  Germany. 

It  further  developed  that  the  condition  for  the  successful 
culture  of  opium  is  the  amount  of  time  necessary  to  obtain 
a  definite  amount  of  gum  opium,  or,  in  other  words,  the  amount 
of  labor  necessary.  Thus,  to  obtain  i  kilo  of  dry 
gum  opium  requires,  in  Germany,  283  hours.  Based  on  Ger- 
man labor  at  5  cents  an  hour  this  means  that  the  opium 
raised  in  Germany  would  cost  about  $6.50  per  pound  for  labor 
alone.  Gum  opium  sells  to-day  in  New  York  at  $3.50  per 
pound.  As  labor  in  Asia,  Persia  or  India  costs  about  i  cent 
an  hour,  the  raising  of  opium  in  any  country  where  labor  is 
in  demand  is  out  of  the  question. 

The  author  next  considers  the  assay  of  opium,  and  doubts 
the  correctness  of  standardizing  opium  by  an  assay  for  mor- 
phine alone,  as  is  now  generally  the  case  in  all  countries.  He 
bases  this  on  the  fact  that  the  therapeutic  effect  of  opium  is 
not  due  solely  to  morphine,  and  that  opium  contains  more 
codeine  than  has  heretofore  been  considered  to  be  the  case. 
For  the  determination  of  morphine,  the  author  gives  a 
method  based  upon  that  of  the  Helfenberger  Annalen,  1887, 
p.  37  and  modified  by  Fromme^  and  himself.     For  determining 

1  Caesar  and  Loretz:  "Cechaeftsbericht,"   1906. 
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the  narcotine,  which  has  no  medicinal  value,  he  finds  the 
method  of  Van  der  Wielen^  the  best,  and  for  codeine  he  con- 
siders Chas.  E-  Caspari's  method'^  the  best. 

He  then  publishes  the  results  of  the  application  of  these 
assay  processes  to  the  opium  he  raised  at  Dahlem  as  follows: 

Smyrna  opium,  1905,  contained  1070  per  cent  morphine; 
1906,  1340  per  cent  morphine. 

German  blue  seed  opium,  1905,  contained  10. 59  per  cent 
morphine;    1906,    11. 12    per  cent   morphine. 

German  white  seed  opium,  1905,  contained  10.87  P^r  cent 
morphine;  1906,  10.84  P^^*  cent  morphine. 

Smyrna,  1906,  contained  4.06  per  cent  narcotine  and  1.13 
per  cent  codeine. 

Blue  German,  1905,  190  per  cent  codeine  and  1906,  1.32 
per  cent  narcotine  and  1.43  per  cent  codeine. 

White  German,  1905,  088  per  cent  codeine  and  1906,  1.90 
per  cent  narcotine  and  1.59  per  cent  codeine. 

Finally  the  author  has  assayed  the  unripe  alongside  of  the 
fully  ripe  poppy  heads  or  capsules  and  finds  that  the  fully 
ripe  capsules  contain,  contrary  to  general  belief,  quite  a  con- 
siderable amount  of  morphine,  about  half  as  much  as  the  un- 
ripe, and,  in  addition,  contain  actually  more  codeine  and  nar- 
cotine than  the  unripe  capsules,  which  latter  are  the  only  kind 
used  at  present  in  growing  opium.  In  fact,  the  fully  ripe 
poppy  capsule  contains,  according  to  Thoms,  about  2.5  times 
as  much  narcotine  and  codeine  as  the  unripe  capsule.  As 
codeine  is  being  used  more  and  more  in  place  of  morphine,  be- 
cause it  does  not  form  the  opium  habit,  this  should  be  of  value 
to  all  codeine  manufacturers.  The  monograph  is  illustrated 
by  some  photographs  of  the  poppy  beds  at  Dahlem,  showing 
them  at  various  stages  of  growth  and  development. 

A.  K.  t,.  DOHME. 


The  Ei,ectroi,ytic  Dissociation  Theory.  By  Prof.  R.  Abegg, 
Ph.D.,  of  the  University  of  Breslau.  Authorized  translation  from  the 
German  by  Carl  L.  von  Ende,  Ph.D.,  Assistant  Professor  of  Chem- 
istry, State  University  of  Iowa.  New  York:  John  Wiley  &  Sons; 
London:  Chapman  &  Hall,  Limited.  1907.  pp.  180.  Price,  Jj5i.25 
net. 

The  scope  of  this  little  book  can  readily  be  seen  from  the 
Table  of  Contents.  It  comprises  the  following  headings: 
Fundamental  Conceptions  of  the  Theory;  Mobility  of  the  Ions; 
Equilibria  among  Ions;  The  Dissociation  Constant;  Equilibria 
among  Several  Electrolytes,  Hydrolysis,  Avidity,    Indicators, 

1  "Pharm.  Weckblad,"  1903,  p.  189. 

2  "  Pharm.  Review,"  1904,  p.  348. 
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Heterogeneous  Equilibria,  Anomaly  of  Strong  Electrolytes; 
Influence  of  Pressure  and  Temperature  on  Dissociation;  Non- 
Aqueous  Solutions ;  Chemical  Nature  and  Ionization  Tendency 
of  the  Elements. 

The  book  deals  with  a  number  of  the  fundamental  princi- 
ples that  underlie  the  theory  of  electrolytic  dissociation,  in 
a  very  elementary  manner.  It  is  well  worth  reading  by  any 
one  who  is  just  beginning  his  work  in  the  field  of  physical 
chemistry. 

The  work  of  the  translator,  on  the  whole,  seems  to  have 
been  satisfactorily  done.  h.  c.  j. 

Glues  and  Gelatine  :  A  Practical  Treatise  on  the  Methods  of 
Testing  and  Use.  By  R.  Livingston  Fernbach,  Chemical  Expert. 
Philadelphia,  Pa.  :  D.  Van  Nostrand  Co.     1907.     Price,  $3.00  net. 

Stripped  of  prolixity,  this  book  is,  in  the  main,  a  compila- 
tion of  "Glue,  Gelatine,  etc."  by  F.  Davidowsky;  "Glue  and 
Glue  Testing"  by  S.  Rideal,  together  with  some  recent  articles 
in  scientific  journals,  among  which  maybe  mentioned:  "The 
Technical  Examination  of  Glue."^  "Notes  on  Glue  and  Glue 
Testing."^  "The  Grading  and  Use  of  Glues  and  Gelatine."^ 

No  just  credit  has  been  given  to  the  above  authors,  for  there 
is  no  bibliography.  It  is  true  that  the  name  of  some  author 
or  scientific  man  is  occasionally  mentioned  in  connection  with 
certain  paragraphs,  but,  as  there  is  no  specific  reference,  the 
impression  is  given  that  the  rest  of  the  book  is  orig- 
inal. Some  parts  of  it  undoubtedly  are  original,  as  there  are 
certain  misstatements  of  facts,  technical  and  commercial. 
Exploded  laboratory  experiments  and  rule-of-thumb  opinions 
are  stated  with  the  splemnity  used  in  announcing  discoveries. 
Dealers  in  glue  and  gelatine  are  represented  in  the  light  of 
unprincipled  sharpers  seeking  to  cheat  the  consumer,  whose 
salvation,  perhaps,  is  a  "chemical  expert."  The  work  should 
contain  much  that  is  novel  and  important  to  condone  this 
affront  to  the  industry. 

The  withdrawal  of  such  books  from  circulation  would  prob- 
ably save  valuable  time  for  those  who  might  otherwise  read 

them.  J.  Alexander. 

1  E.  a  Clayton:  J.  Soc.  Chem.  Ind. ,  21,  690. 

2  H.  J.  Watson:   Ibid.,  23,  1189. 

3  J.  Alexander:  Ibid.,  26.  158. 
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XI.— THE  ACTION  OF  DILUTE  ACIDS  UPON  CASEIN 
WHEN  NO  SOLUBLE  COMPOUNDS  ARE  FORMED. 

By  Lucius  L.  Van  Slyke  and  Donald  D.  Van  Slyke. 

In  this  JournaP  it  was  shown  that  when  base-free  casein 
is  suspended  for  a  time  in  dilute  hydrochloric  acid  and  then 
filtered,  the  acid  is  not  all  recovered  in  the  filtrate.  According 
to  the  results  then  obtained,  it  appeared  that  i  gram  of  casein, 
when  thus  treated,  takes  from  solution  about  5  cc.  of  N/ioo 
HCl  and  forms  with  it  a  definite  compound,  which,  like  the 
casein  itself,  is  insoluble.  The  method  of  determining  the 
amount  of  acid  remaining  in  the  filtrate  by  titration  with  stand- 
ard alkali  did  not,  under  the  conditions  employed,  yield  re- 
sults that  were  more  than  approximate.  It  was  thought 
that  more  satisfactory  results  could  be  obtained  by  measur- 
ing the  changes  in  electrical  conductivity  of  acids  caused  by 
treating  the  acids  with  casein. 

The  special  object  of  the  work  described  in  this  article  was 
to  secure  additional  data  bearing  on  the  question  as  to  whether 

1  Vol.  88,  461  (1905). 
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casein  combines  with  acids  to  form  insoluble  casein  salts  of 
acids,  a  question  which  has  been  in  dispute  for  more  than 
fifty  years.  While  the  basic  property  of  proteids  has  long  been 
recognized,  it  is  within  the  past  fifteen  years  that  evidence 
has  accumulated,  furnishing  more  specific  proof  that  acids 
combine  with  proteids  to  form  chemical  compounds,  and  the 
more  intimate  knowledge  gained  in  regard  to  the  constitution 
of  proteids  has  constituted  an  essential  part  of  this  evidence. 
This  view  is  supported  by  the  work  of  the  following  investi- 
gators: Sjoqvist,^  Cohnheim,'  Cohnheim  and  Krieger,^  Erb,^ 
Bugarszky  and  Liebermann,^  Matthews,^  Osborne,^  von  Rohrer,^ 
Panormoff,^  Hardy,^**  Mellanby,i^  and  Robertson.^^ 

It  was  found  in  general  that  the  amount  of  acid  combining 
with  unit  mass  of  a  given  proteid  in  solution  was  not  constant 
but  dependent  upon  the  concentrations  of  acid  and  proteid. 
This  was  explained  by  the  hypothesis  that  the  proteids  act  as 
weak  bases  and  consequently  their  combinations  with  acids 
hydrolyze.  Spiro  and  PemseP^  concluded  from  the  lack  of 
constant  combining  proportions  that  the  reaction  between  pro- 
teids and  acids  is  not  a  true  salt  formation  but  a  case  of  physical 
distribution  of  acid  between  proteid  and  solvent  water.  In 
reaching  their  conclusions,  however,  they  appear  to  have  over- 
looked the  effect  of  the  hydrolysis  which  is  to  be  expected 
from  salts  of  weak  bases,  and  the  weight  of  evidence  inclines 
entirely  toward  the  view  that  proteids  form  chemical  com- 
pounds  with    acids. 

In  studying  the  action  of  acids  on  proteids,  various  methods 
have  been  used  by  different  workers  in  measuring  the  amount  of 
free  acid  that  disappears  as  such  after  treatment  with  proteid. 

i  Skand.  Arch.  Physiol.,  5,  277  (1894)  and  6,  255  (1895). 
s  Ztschr.  Biol.,  33,  489  (1896). 
'  Ztschr.  Biol.,  40,  95  (1900). 
*Ibid.,  41,  309  (1901). 

6  Arch.  Physiol.  (Pfliiger),  72,  51  (1898). 
«  Amer.  Jour.  Physiol.,  7,  445  (1898). 

7  J.  Am.  Chem.  Soc,  24,  39  (1902). 

8  Arch.  Physiol.  (Pfluger),  90,  368  (1902). 

9  Joxir.  Russ.  Physiol.  Chem.  Gesell.,  31,  556. 
10  Jour.  Physiol.,  33,  333  (1905). 
"/6Ki.,33,  373  (1905). 

«  Jour.  Biol.  Chem.,  2,  317  (1907). 

"  Arch.  Physiol.  Chem.,  26,  233  (1898-9). 
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In  the  case  of  a  soluble  proteid-acid  product,  the  compound 
may  be  precipitated  and  the  quantity  of  acid  that  is  held  in 
the  precipitate  or  left  in  the  solution  determined  by  ordinary 
chemical  methods.  Titration  of  the  solution  has  been  the 
method  usually  employed.  As  precipitants,  Cohnheim  and 
also  Spiro  and  Pemsel  used  ammonium  sulphate.  Later, 
Cohnheim  and  Krieger  introduced  the  use  of  calcium  phos- 
photungstate.  Erb  also  used  this  method,  and  his  results 
led  to  the  conclusion  that  proteid-acid  salts  hydrolyze  more 
completely  as  their  concentrations  increase,  a  behavior  directly 
opposite  to  that  of  known  hydrolyzible  salts.  Von  Rohrer, 
however,  showed  that  the  calcium  phosphotungstate  method 
could  not  give  accurate  results,  because  the  phosphotungstic  acid, 
like  phosphoric,  renders  accurate  titration  impossible.  He 
showed  that  picric  acid  and  dipotassium  mercuric  tetraiodide 
(KjHgl^)  precipitate  acid  albumin  containing  an  unvarying 
equivalent  of  acid  independent  of  the  excess  or  kind  of  acid, 
also  of  the  temperature  and  of  the  precipitant  used.  He 
explains  this  on  the  ground  that,  while  an  equilibrium  exists 
between  the  acid-proteid  (Alb.Cl)  and  free  proteid  (Alb.  OH)  — 
Alb.Cl  +  HOH  Zl  Alb.OH  +  HCl— only  the  acid-proteid  is 
sufficiently  dissociated  to  react  with  the  precipitant.  As 
this  is  precipitated  and  the  equilibrium  disturbed,  the  reaction 
goes  from  right  to  left,  forming  more  Alb.Cl,  which  in  turn  is 
thrown  down,  until  no  proteid  is  left  in  solution,  the  precip- 
itate being  entirely  unhydrolyzed  acid-proteid.  This  method 
gave  the  acid  equivalents  of  the  proteids  but,  as  von  Rohrer 
points  out,  physico-chemical  methods  must  be  employed  in 
order  to  ascertain  the  degree  of  hydrolysis  of  the  proteid  and 
the  amount  of  acid  it  holds  as  it  exists  in  solution. 

Several  physico-chemical  methods  have  been  employed  to 
measure  the  acid  combined  when  no  precipitation  occurs. 
Sjoqvist  used  the  method  of  electrical  conductivity.  Bugarszky 
and  Liebermann  measured,  by  means  of  the  electromotive  force 
of  concentration  cells,  containing  acid,  the  changes  in  con- 
centration of  the  latter  caused  by  contact  with  proteid ;  they 
also  measured  the  change  in  freezing  point  due  to  the  addition 
of  various  amounts  of  proteid  to  dilute  acid.  Cohnheim  meas- 


386  Van  Slyke  and  Van  Slyke. 

ured  the  free  acid  by  the  velocity  of  the  catalysis  of  cane  sugar. 

However,  in  the  work  done  by  most  of  the  investigators 
mentioned  above,  the  compounds  of  proteids  and  acids  which 
they  studied  are  soluble,  unlike  the  insoluble  substance  formed 
by  treating  casein  with  dilute  acids.  Osborne^  has  studied 
the  action  of  hydrochloric  acid  upon  neutral  edestin  suspended 
in  water,  concluding  that  it  forms  a  monochloride  insoluble 
in  water.  Leo^  states  that  fibrin  forms  a  series  of  insoluble 
compounds  with  hydrochloric  acid.  Laxa^  and  Richet^  are, 
so  far  as  we  know,  the  only  workers  who  have  worked  with 
casein  proceeding  upon  lines  similar  to  our  previous  work. 
Laxa  regards  the  insoluble  substance  formed  by  treating 
casein  with  lactic  acid  as  a  case  of  chemical  combination. 
He  concludes  that  lactates  of  casein  which  contain  i  per 
cent  of  lactic  acid  or  less  are  insoluble  in  water,  while  lactates 
of  casein  with  a  higher  content  of  acid  are  soluble. 

When  the  proteid-acid  substance  is  insoluble,  as  in  the  case 
of  casein  with  dilute  acids,  the  amount  of  acid  taken  up  by 
casein  may  be  measured  by  determining,  through  titration, 
how  much  acid  remains  in  the  filtrate  after  the  removal  of  the 
insoluble  casein-acid  substance.  The  titration  method,  as 
used  in  previous  work,  gives  misleading  results,  unless  the  con- 
ditions of  treatment  are  such  that  no  casein  goes  into  solution. 
In  case  of  solution,  the  amount  of  acid  in  the  filtrate,  measured 
as  free  acid,  is  too  high,  since  the  titration  represents  not  only 
the  acid  that  has  not  been  taken  up  by  insoluble  casein  but 
also  that  which  has  combined  to  form  soluble  compounds, 
and,  in  addition,  the  acidity  of  dissolved  proteid  itself.  When 
the  work  previously  pubHshed  was  done,  the  ease  with  which 
casein  dissolves  in  very  dilute  acids  was  not  fully  appreciated, 
and  the  conditions  then  employed  permitted  some  solution, 
as  we  have  since  learned  by  repeating  some  of  the  former  work. 

When  no  solution  occurs  and  conditions  permit  the  use  of 
acids  sufficiently  concentrated  for  accurate  titration,  results 
by  titration  agree  closely  with  those  obtained  by  measuring 

1  J.  Am.  Chem.  Soc,  24,  39  (1902). 

2  Z.  physiol.  Chem.,  46,  286  (1905). 
8  Milchw.  Zentbl.,  1,  538  (1905) 

*  Compt.  rend.  Soc.  Biol.  (Paris),  60,  650  (1906). 
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-electrical  conductivity.  In  order  to  avoid  solution,  it  was 
necessary  to  use  dilutions  as  high  as  N/iooo  in  the  case  of 
HCl  or  to  have  the  reaction  occur  at  low  temperature.  In 
the  case  of  high  dilution,  accurate  titration  was  impossible, 
even  when  solution  was  prevented,  and  therefore  conductivity 
measurements  were  made  in  all  cases  as  the  basis  of  our  work. 

When  we  began  the  work  embodied  in  this  article,  we 
expected  simply  to  measure  more  accurately  the  amount  of 
acid  that  would  combine  with  i  gram  of  casein  to  form  a 
definite  compound  insoluble  in  water,  but  we  soon  found  the 
problem  less  simple  than  we  had  supposed.  In  one  set  of  ex- 
periments, we  treated  varying  amounts  of  casein  with  a  fixed 
amount  of  acid,  the  larger  amounts  of  casein  being,  theo- 
retically, more  than  sufficient  to  take  up  all  the  acid 
judging  from  previous  results.  However,  we  found  that 
some  free  acid  remained  in  the  filtrate  in  every  case  and, 
moreover,  the  acid  was  taken  up  in  different  proportions  by 
the  casein.  Also,  in  treating  casein  with  acids  of  different 
concentrations,  it  was  found  that  the  amount  taken  up  varied 
with  the  different  concentrations  of  solution.  The  phenom- 
ena were  such  as  to  suggest  something  else  than  simple 
definite  chemical  combination,  and  our  study  practically 
resolved  itself  into  an  effort  to  decide  what  hypothesis  is 
best  supported  by  facts,  whether  that  of  (i)  definite  chemical 
combination  accompanied  by  hydrolysis,  or  (2)  solution  of 
acid  in  proteid,  or  (3)  adsorption. 

In  order  to  obtain  data  which  might  be  utilized  in  coming 
to  a  decision  in  regard  to  the  kind  of  action  involved,  the  be- 
havior of  casein  was  studied  (i)  with  acids  of  different  dis- 
sociating power,  (2)  with  acids  of  different  concentrations, 
(3)  for  different  periods  of  time,  (4)  at  different  temperatures, 
and    (5)   with  dilute  solutions  of  neutral  salts. 

The  acids  used  were  hydrochloric,  lactic,  sulphuric  and  acetic. 
The  concentrations  of  the  acids  used  were  approximately  N/125 
N/500,    N/iooo   and    N/2000. 

The  periods  of  time  used  for  keeping  the  casein  and  acid 
in  contact  varied  from  one  minute  to  forty-eight  hours;  the 
periods  usually  employed  were  5,   15  and  45  minutes,   i^,  3 
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and  6  hours,  in  the  case  of  experiments  at  room  temperature 
or  higher,  while  additional  periods  of  12,  24  and  sometimes 
48  hours  were  used  in  the  case  of  experiments  at  0°.  The  tem- 
peratures used  were  0°,  about  25°  (room  temperature),  and 
45°.  The  study  of  hydrochloric  and  sulphuric  acids  was  made  .. 
to  cover  more  details  than  in  the  case  of  the  other  acids.  I 

DESCRIPTION  OF  METHODS,  APPARATUS  AND  REAGENTS 
USED. 


Method  of  Preparing  Casein. 

To  I  liter  of  fresh,  separator  skim-milk,  we  add  about  6 
liters  of  distilled  water  and  enough  dilute  acetic  acid  (10  to 
15  cc.  of  strong  acid  diluted  with  water  to  a  liter)  to  cause 
complete  precipitation  of  casein,  avoiding  any  marked  excess 
of  acid.  The  mixture  is  kept  vigorously  agitated  while  the 
acid  is  being  gradually  added.  The  precipitate  is  allowed  to 
settle,  the  supernatant  liquid  is  decanted  or  siphoned  ofif, 
after  which  the  precipitate  is  washed  with  copious  amounts 
of  distilled  water,  until  the  wash- water  no  longer  shows  an  acid 
reaction  to  litmus.  The  precipitate  is  then  treated  with  just 
enough  dilute  ammonia  water  (about  5  cc.  of  strong  ammonia 
diluted  to  a  liter)  to  dissolve  the  casein,  forming  a  solution 
neutral  to  litmus.  The  solution  is  diluted  to  about  6  liters 
with  distilled  water  and  reprecipitated  by  dilute  acetic  acid. 
Much  less  acid  is  required  for  the  second  and  subsequent  pre- 
cipitations than  for  the  first.  The  precipitate  is  washed  free 
from  acid  as  before  and  then  redissolved  in  dilute  ammonia. 
Reprecipitation  and  redissolving  should  be  performed  five 
or  six  times.  The  casein  should  not  be  allowed  to  stand  longer 
than  necessary  in  contact  with  either  acid  or  alkali.  The  final 
filtration  and  washing  are  completed  on  a  Buchner  funnel, 
the  precipitate  being  washed  until  free  from  acid.  The  washed 
precipitate  is  then  suspended  in  i  liter  of  N/iooo  HCl  and 
agitated  for  two  hours,  in  order  to  remove  any  remaining 
inorganic  salts  as  completely  as  possible.  Two  treatments 
of  this  kind  are  given.  The  casein  is  finally  washed  until  free  from 
hydrochloric  acid  and  is  then  agitated  for  two  or  three  hours 
with  a  liter  of  very  pure  water  (showing  a  conductivity  not 
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greater  than  1.5  to  1.8  X  io~^),  the  operation  being  repeated 
two  or  three  times  until  the  filtrate  shows  an  increase  of  not 
more  than  i  or  2  X  io~®  in  conductivity,  as  compared  with  the 
conductivity  of  the  wash-water  used.  The  precipitate  is  then 
treated  with  about  a  liter  each  of  strong  alcohol  and  ether  (these 
reagents  should  show  no  conductivity  when  mixed  with  pure 
water)  in  order  to  remove  any  fat  that  may  adhere  to  the  casein. 
The  precipitate  is  then  dried  at  room  temperature,  ground  fine 
in'a  mortar  and  finally  dried  at  45°  to  50°,  until  the  moisture 
content  is  reduced  to  3  or  4  per  cent.  Casein  thus  prepared 
by  us  had  an  ash  content  of  0.25  to  0.30  per  cent.  We  used 
this  method  of  drying  because,  according  to  Laqueur  and 
Sackur,^  moisture  can  be  completely  removed  from  casein 
only  by  heating  to  a  temperature  that  may  alter  the  nature 
of  the  proteid.  Correction  is  made  for  moisture,  so  that  the 
amounts  used  in  our  work  represent  water-free  casein. 

It  is  important  that  the  casein,  when  suspended  in  water, 
shall  show  little  or  no  conductivity.  With  sufficient  care, 
casein  can  be  prepared  that  has  practically  no  conductivity. 
Hardy-  speaks  of  the  impossibility  of  obtaining  suspensions 
of  globulin  free  from  conductivity. 

The  thorough  treatment  of  the  casein  with  dilute  hydrochloric 
acid  and  water  near  the  end  of  the  process  of  preparation  ren- 
dered it  probable  that  no  salts  would  be  left  in  the  casein  in  a 
form  capable  of  vitiating  results  by  dissolving  or  reacting 
with  the  acids  used  under  the  conditions  of  experiment.  Proof 
of  this  was  afforded  by  the  agreement  of  conductivity  and  ti- 
tration results  in  experiments  made  under  conditions  such  that 
solution  of  proteid  was  avoided,  as  well  as  by  agreement  of 
the  equilibria  obtained  by  different  methods  of  treatment 
(see  Fig.  3  and  Table  XVIII.  for  examples). 

General  Outline  of  Method  of  Measuring  Acidity. 

The  method  of  finding  the  amount  of  acid  taken  up  by  a 
given  weight  of  casein  was,  briefly  stated,  as  follows:  The 
casein  was  agitated  in  a  Jena  Erlenmeyer  flask  with  a  measured 
volume  of  acid  of  known  strength  for  a  given  period  of  time, 

1  Beitr.  Chem.  Physiol,  u.  Path.,  3,  206  (1903). 

2  Jour.  Physiol.,  23,  373  (1905). 
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after  which  it  was  filtered,  and  the  amount  of  acid  taken  up 
by  the  casein  was  ascertained  by  means  of  the  decrease  in  the 
conductivity  of  the  solution.  In  a  part  of  the  work,  titration 
results  with  N/  loo  NaOH  were  obtained  for  comparison  with 
the  conductivity  results. 

The  details  of  the  method  will  be  considered  in  the  following 
order:  (i)  preparation  of  flasks,  (2)  preparation  of  standard: 
solutions,  (3)  measuring  solutions  for  use,  (4)  preparation  of 
conductivity  water,  (5)  methods  of  agitation,  (6)  introducing 
casein  into  the  acid  solution,  (7)  filtration,  (8)  method  of  meas- 
uring conductivity,  (9)  data  illustrating  accuracy  of  method, 
and  (10)  calculating  conductivity  results  in  terms  of  concentra- 
tions of  acid. 

Preparation  of  Flasks. 

Jena  Erlenmeyer  flasks  holding  200  cc.  were  used  in  holding 
the  acid  and  casein  for  reaction.  It  is  important  to  use  glass- 
ware which  on  contact  with  solutions  will  not  affect  the  conduc- 
tivity. Jena  glassware  was  found  to  meet  this  requirement, 
and  it  was  employed  in  all  operations  where  solutions  were  in 
contact  with  glassware  for  any  considerable  period  of  time. 
Before  being  used,  the  flasks  were  carefully  cleaned,  rinsed 
with  distilled  water,  then  with  conductivity  water,  and  finally 
dried  in  a  steam  oven. 

Rubber  stoppers,  thinty  coated  with  paraffin,  were  used  in 
these  flasks;  the  stoppers  were  thoroughly  rinsed  with  conductiv- 
ity water  and  then  dried  on  clean  filter  paper  before  being  used. 
A  test  of  the  effect  of  paraffin  showed  it  to  be  practically  with- 
out influence  upon  the  conductivity  of  water. 

Preparation  of  Standard  Solutions  of  Acids. 

A  solution  of  N/ 10  HCl  was  standardized  by  the  official  silver 
chloride  method.^  A  solution  of  N/io  NaOH  was  then  pre- 
pared by  titration.  By  means  of  this,  N/ 10  solutions  of  other 
acids  were  prepared.  The  acetic  and  lactic  acids  used  were 
of  the  highest  quality  manufactured  by  Kahlbaum ;  the  hydro- 
chloric and  sulphuric  acids  were  of  the  purest  grade  made  by 

»  Bulletin  No.  46,  Bureau  of  Chem.,  U.  S.  Dept.  Agr. 
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Baker  and  Adamson.     Only  water  of  less  than  2.2  X  io~^  con- 
^iuctivity  was  used  in  making  the  standard  preparations  of  acids. 

Measuring  Solutions  for  Use. 

In  measuring  the  solutions,  carefully  calibrated  pipettes  were 
used  and  the  solutions  were  delivered  into  the  flasks  with  the 
smallest  possible  amount  of  exposure  to  air. 

Preparation  of  Conductivity  Water. 

Water  of  conductivity  as  low  as  i  X  io~^  was  prepared  by 
treating  ordinary  distilled  water  with  a  mixture  of  sulphuric 
acid  and  potassium  bichromate  and  then  distilHng.  To  a 
1 2 -gallon  carboy  of  ordinary  distilled  water  (of  conductivity 
equal  to  15  to  18  X  io~^)  we  added  in  water  solution  20  grams 
of  potassium  bichromate  and  20  cc.  of  concentrated  sulphuric 
acid,  and  then  allowed  the  water  thus  treated  to  stand  about 
twenty-four  hours  before  distilling.  Distillation  was  per- 
formed with  a  retort  of  Jena  glass,  arranged  in  the  manner 
described  by  Hulett.^  Four  Hters  of  the  treated  water  were 
placed  in  the  retort  and  the  first  three  distilling  over  were  col- 
lected in  a  Jena  glass  flask.  The  conductivity  of  the  first  liter  of 
distillate  was  generally  i.o  to  1.2  X  io~^,  and  of  the  third,  1.5 
to  1.8  X  io"~^.  A  glass  condensing  tube,  after  several  liters 
"had  been  distilled  through  it,  gave  as  pure  water  as  we  were 
^ble  to  get  with  a  block-tin  tube.  It  was  found  unnecessary 
to  redistil  the  water  from  barium  hydroxide  since  the  lab- 
oratory distilled  water  appeared  to  contain  practically  no  car- 
bon   dioxide. 

Introducing  Casein  into  Acid  Solution. 

The  desired  amount  of  acid  is  first  delivered  into  the  reaction 
flask  and  then  to  this  is  added  the  weighed  amount  of  casein. 
In  the  experiments  carried  on  at  45°  and  0°,  the  acid  solution 
in  the  flask  was  allowed  to  come  to  the  desired  temperature 
before  the  casein  was  introduced. 

Methods  of  Agitating  the  Mixture  of  Casein  and  Acid. 

In  most  of  the  experiments  made  at  room  temperature, 

»  Z.  physik.  Chem.,  21,  297  (1896). 
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we  placed  the  flasks  in  a  revolving  apparatus,  which  kept 
the  casein  in  constant  motion  throughout  the  acid  solution. 
In  the  experiments  made  at  o°  and  45°,  the  agitation  was 
performed  by  occasional  shaking  by  hand.  When  the  mix- 
tures of  casein  and  acid  were  shaken  only  at  intervals,  the 
reaction  rate  was  somewhat  slower  and  less  regular  than  when 
agitation  was  continuous,  the  irregularity  being  shown  by 
points  lying  noticeably  off  their  curves  occasionally,  but  the 
difference  was  not  great  and,  of  course,  the  equilibrium  finally 
reached  was  not  altered. 

Method  of  Filtration. 

When  the  casein  has  been  in  contact  with  the  acid  as  long 
as  desired,  the  liquid  is  filtered  into  a  200  cc.  Jena  flask  through 
a  platinum  Gooch  crucible.  The  receiving  flasks  are  cleaned 
and  dried  in  the  manner  described  above.  The  Gooch  cruci- 
bles, before  use,  are  rinsed  with  conductivity  water;  then  a 
thin  mat  of  asbestos,  previously  suspended  in  conductivity 
water,  is  formed  in  the  bottom  of  each.  Before  use  the  whole 
is  dried  in  order  to  prevent  any  dilution  of  the  filtrate  by  ad- 
herent water.  To  insure  the  filtrate  further  against  possible 
contamination,  the  precaution  is  taken  to  rinse  the  receiving 
flask  with  two  portions,  of  a  few  cubic  centimeters  each,  of 
the  filtrate  first  drawn  through,  these  rinsings  being  thrown 
away.  In  this  way,  100  cc.  of  liquid  can  be  filtered  in  less  than 
a  minute,  thus  reducing  to  a  minimum  the  exposure  of  the 
solution  to  air.  Water  having  a  conductivity  of  1.5  X  io~® 
increased  only  0.2  to  0.3  X  io~^  after  being  passed  through  such 
a  filter  in  a  blank  experiment. 

Method  of  Measuring  the  Conductivity  of  the  Filtrate. 

The  flask  containing  the  filtrate  is  closed  at  once  after  fil- 
tration by  a  paraffined  rubber  stopper,  prepared  in  the  manner 
previously  described;  it  is  then  placed  in  the  thermostat  at 
25°  and  allowed  to  remain  until  the  solution  has  reached 
this  temperature,  usually  about  an  hour.  The  electrical 
conductivity  is  then  measured  in  an  ordinary  Ostwald  or 
Arrhenius  cell. 
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After  the  filtrates  in  a  number  of  flasks  have  been  brought 
to  the  temperature  of  the  thermostat,  the  conductivities  can 
be  taken  in  rapid  succession.  We  found  the  following  method 
of  manipulation  to  combine  satisfactorily  accuracy  and  rapidity 
in  running  a  series  of  measurements:  The  cell  and  electrodes 
are  dried  with  clean  filter  paper  after  examining  each  filtrate, 
rinsed  with  the  next  filtrate  to  be  tested,  and  then  placed  in 
the  thermostat,  after  which  some  of  the  solution  to  be  tested 
is  placed  in  the  cell.  After  the  resistance  is  taken,  the  solu- 
tion is  stirred  with  the  electrodes  a  short  time  to  make  sure  that 
the  solution  has  reached  the  temperature  of  the  bath.  We 
rarely  observed  any  change  in  the  second  reading. 

The  reading  is  then  taken  with  care,  using  in  the  resistance 
box  a  resistance  which  brought  the  knife  contact  near  the  center 
of  the  bridge,  where  the  error  is  least. ^  The  solution  in  the  cell 
is  replaced  by  a  second  portion  from  the  same  flask  and  the 
reading  repeated.  The  two  readings  are  usually  identical. 
In  case  of  disagreement,  a  third  portion  of  solution  is  used, 
which  practically  always  agrees  with  the  second.  In  the 
case  of  the  last  portion  used,  three  readings  are  taken  at  differ- 
ent parts  on  the  bridge.  The  results  of  the  readings  usually 
agree  within  a  limit  of  one  part  in  a  thousand. 

All  measurements  of  conductivity  were  taken  with  a  calibrated 
Wheatstone  bridge  by  the  usual  Kohlrausch  method  at  a  tem- 
perature of  25°  ±:  0.03°,  maintained  in  a  thermostat  by  an 
Ostwald   regulator. 

The  capacities  of  the  Ostwald  and  Arrhenius  cells  were 
determined  and  frequently  checked  with  N/50  and  N/500 
KCl  solutions,  respectively.  The  solutions  were  made  by 
successive  dilution  from  a  standard  normal  solution  having 
a  specific  gravity  at  18°  of  1.04488  (water  at  4°  =  i).  The 
potassium  chloride  had  been  recrystallized  four  times  from 
solution  in  conductivity  water  and  then  finally  fused. 

Data  Illustrating  Accuracy  of  Method  Used  in  Experiment. 

Results  obtained  by  the  method  employed  could  be  closely 
/duplicated  when  the  conditions  of  experiment  were  uniform. 

>  Kohlrausch:  Leit.  d.  Elek.,  p.  43. 
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For  example,  four  portions  of  loo  cc.  each  of  N/125  lactic 
acid  were  treated  under  constant  agitation  for  twenty  minutes, 
each  with  i  gram  of  casein.  The  percentages  of  acid  taken 
up,  as  shown  by  measuring  the  conductivities  of  the  filtrates,, 
were  29.73,  29.94,  29.64,  and  29.85.  The  agreement  of  these 
figures  may  be  regarded  as  satisfactory  when  we  consider  the 
fact  that  the  reaction  is  still  proceeding  quite  rapidly  at  the 
end  of  twenty  minutes,  and  that  the  exact  time  of  contact 
was  not  quite  the  same  in  each  case,  owing  to  the  interval 
required  for  removing  the  flasks  from  the  shaker  and  filtering. 
As  the  reaction  approaches  equilibrium,  the  proportion  of  error- 
decreases. 

Methods    of    Calculating  Equivalent    Concentrations    of    Dilute: 
Acids  from  Conductivities. 

It  is  important,  of  course,  to  state  the  results  of  conductivity 
measurements  in  terms  expressing  equivalent  amounts  of 
acid.  The  method  of  Kohlrausch,^  while  convenient  when 
only  a  few  calculations  are  needed,  was  found  unwieldy 
for  our  work,  even  with  the  mineral  acids.  In  the  case  of  the 
weak  organic  acids,  the  method  was  practically  useless,  owing" 
to  the  number  of  approximations  required  in  each  calculation 
before  reaching  an  accurate  result.  Consequently,  we  worked 
out  two  simpler  methods,  one  for  the  mineral  acids  and  one  for 
the  organic,  which  enabled  us  to  make  the  necessary  calcula- 
tions with   comparative  ease  and   rapidity. 

Method  for  Sulphuric  and  Hydrochloric  Acids. — The  purely^ 
graphical  method  is  simplest  in  principle,  but  involves  the 
laborious  preparation  of  very  accurate  curves.  The  purely 
mathematical  calculation  is,  as  already  stated,  unwieldy^ 
A  combination,  however,  of  simple  approximate  calculation, 
with  a  relatively  small  graphical  correction  avoids  both 
these  difficulties.  For  the  mineral  acids  we  used  the  form- 
ula, X  =      ;     re  =  17  X    10^  =  the  concentration  of  the 

acid  based  on  that  of  N/iooo  as  unity;  R  =  the  resistance 
of  the  acid  in  the  cell;  A  =  a  graphic  correction  to  R.     The 

>  Leit.  d.  Elfk..  p.  130. 
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formula  is  based  on  the  fact  that,  for  electrolytes  as  strong  as 
hydrochloric  and  sulphuric  acids,  dissociation  is  sufficiently 
complete  at  dilutions  above  N/125  to  make  the  resistance 
approximately   inversely   proportional   to    the   concentration. 

If  the  proportion  were  exact,  the  equation     x  =  ^    would 

hold  good.     However,  as  the  concentration  increases  from  the 

point  where  dissociation  is  not  complete,  R  becomes  too  large 

to  fit  the  equation  exactly,  the  proportionate  excess  increasing 

with    the     concentration.      By    subtracting    this   excess.    A, 

c 
from  R,  we  have  the  equation  x  =    -r^  ^  .  ,  which    is    exact. 

The  value  of  A  can  easily  be  determined  with  accuracy  sufficient 
for  results  correct  to  one  pro  mil.  by  graphic  interpolation, 
plotting  values  of  R  as  abscissae  and  those  of  A  as  ordinates. 
Of  course,  one  can  use  conductivities  as  easily  as  resistances, 
employing  the  formula,  x  =  c  (k  —  A);  k  =  conductivity; 
but  more  convenient  curves  are  obtained  by  the  use  of  resist- 
ances. After  finding  the  values  of  c  and  A  for  a  cell  of  capac- 
ity K,  the  formula  can  be  used  with  a  cell  of  capacity  K' 

by  multiplying  c  and  A  by  -:^. 

In  the  case  of  sulphuric  acid,  the  range  of  dilution  (N/125 
to  N/8000)  was  so  great  that  it  was  found  convenient  to 
use  two  cells  and  construct  a  curve  for  the  range  over  which 
each  was  employed.  The  curves  include  the  correction  for 
the  influence  of  water,  since  water  of  the  same  character  and 
conductivity  was  employed  in  finding  the  values  of  A  and  in  the 
subsequent  experiments.  This  is  of  advantage,  because, 
when  working  with  mineral  acids  and  bases,  it  is  doubtful 
whether  subtracting  the  conductivity  of  the  water  gives  cor- 
rect results.  Ostwald  favors  ignoring  the  effect  of  the  water 
since  the  impurity  may  be  of  such  a  nature  as  even  to  lower 
the  conductivity.^  Kohlrausch,-  on  the  other  hand,  remarks 
in  discussing  this  plan:  "So  steht  ein  solches  Verfahren  voll- 
standig  in  der  Luft." 

The  value  of  A  for  hydrochloric  acid  was  determined  from 

•  "Physico-chemical  Measurements,"  translated  by  Walker,  p.  235. 
«  Leit.  d.  Elek.,  p.  92. 
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the  table  given  below.  The  series  of  resistances  was  taken 
by  repeated  dilutions  of  the  solution  in  the  cell  by  means  of 
calibrated  pipettes,,  the  series  being  checked  by  repetition 
and  by  dupHcating  the  more  dilute  solutions  with  those  made 
directly  from   N/ 105.8. 

Table  I. — Showing  Values  of  A  for  Hydrochloric  Acid. 

X  propor- 

Equivalent  =  R  proper-  tional 

volume.       x  =  t)y^io^.  R.  tional.  =  A. 

105.8  9  448  107.7  106. I  1.6 

211. 7  4.724  213. I  212.2  0.9 
423.4           2.362             425.2               424.5  0.7 

846.8  1. 181  849.0  849.0  0.0 
1694.0           0.5905         1698.0             1698.0  0.0 

Calculating  the  constant  of  the  formula  from  the  resistance 
at  the  highest  dilution,  we  have  c  =  x  X  R  =  0.5905  X  1698  = 
1003,  which  gives,  as  the  formula, 

—      1003         ^     2378  K 

^""R  —  A  R  —  A  (corrected  for  K)    ' 

I 
in  which  K  equals  capacity   of  cell    based    on    the    -r 

unit  of  conductivity  for  electrolytes. 

Similarly,  the  formula    for    sulphuric  acid    is    found    to  be 

X  =  ^^^,  the  values  of  A  being  given  below  in  Table  II. 
K.  —  A 

For  general  use  with  cells  of  varying  capacities,  it  is  conve- 
nient to  prepare  a  table  with  values  of  R  and  A  reduced  to  fit 
a  cell  of  capacity  equal  to  i.  The  values  of  R  and  A  are  then 
transposed  to  fit  a  cell  of  any  capacity,  K',  simply  by  multi- 

plying    them    all    by  K',  since   -^   =  K'.      The    values    for 

sulphuric  acid  for  a  cell  of  unit  capacity  are  given  in  the  fol- 
lowing table  (conductivity  of  water  =  1.4  X  io~^). 
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Table  II. — Showing  Values  of  R  and  A  for  Sulphuric  Acid  with 
Cell  of  Unit  Capacity. 


V. 

x  =  -nX  106. 

R. 

A. 

125 

8.0 

362.3 

60.3 

250 

4.0 

678.4 

74-4 

500 

2  .0 

1290.0 

82.0 

1000 

1 .0 

2498.0 

82.0 

2000 

0.5 

4888.0 

570 

4000 

0.25 

9662 .0 

00.0 

8000 

0.125 

19320.0 

00.0 

The  values  of  A  25°  calculated  for  sulphuric  and  hydrochloric 
acids  from  the  resistances  given,  after  correcting  for  con- 
ductivity of  water,  agree  within  a  fraction  of  a  per  cent  with 
those  of  Kohlrausch^as  corrected  by  the  temperature  coefficients 
of  the  two  acids.2 

Method  for  Lactic  and  Acetic  Acids. — The  method  used  in 
calculating  the  conductivity  results  obtained  with  lactic  and 
acetic  acids  into  their  acid  equivalents  was,  like  that  employed 
for  the  mineral  acids,  a  combination  of  approximate  calcula- 
tion and  graphic  correction,  the  maxima  of  such  corrections 
being  1.9  per  cent  for  acetic  acid  and  5  per  cent  for  lactic 
acid. 

The  purely  empirical  but  convenient  method  of  approxi- 
mate calculation  was  based  on  the  following  data :  Represent- 
ing the  resistance  of  N/125  acid  as  R125,  etc.,  it  was  found 
for  lactic  acid  that  R250  =  1.50R125-  while  Rjqoo  =  1.58R1000, 
intermediate  ratios  ranging  between  1.50  and  1.58.  The  per- 
centage increase  caused  by  doubling  the  dilution  is  fairly 
constant,  varying  from  50  to  58.  For  acetic  acid  the  vari- 
ation is  even  less.  Thus,  R250  =  1-44^125  and  R2000  =  1.45R1000. 
Increasing  by  100  per  cent  the  dilution  of  any  solution  between 
N/125  and  N/iooo  concentrations  results  in  an  increase 
of  from  44  to  45  per  cent  in  the  resistance.  In  general,  the 
ratio  between  the  percentage  increase  in  dilution  and  the 
percentage  increase  in  resistance  is  nearly  constant.  This 
relation  is  expressed  by  the  following  simple  formula  for  use 
in  calculation: 

1  Leit.  d.  Elek.,  p.  i6o. 
*  Ibid.,  p.  199. 
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(i)   log;c  =  logo^o  — c(logR— log  Ro); 
(2)  =\ogxo  —  c(i\ogko—\ogk). 

These  two  forms  make  it  possible  to  calculate  x  from  either 
resistance  (i)  or  conductivity  (2).  The  value  of  c  is  deter- 
mined from  either  resistance  or  conductivities : 

^    log  Xq  —  log  Xd         ^        log  Xq  —  log  Xd 

^  ~~  log  Rd  —  log  Ro  log  ko  —  log  kd  ' 

X  =  7;.  10^  =  the  concentration  sought  (=1  for  N/  1000 
concentration). 

Xf,  =  concentration  of  the  strongest  solution  to  which  the 
formula  is  applied  (N/125   in  present  case). 

x^  =  concentration  of  the  most  dilute  solution  to  which  the 
formula  is  applied  (N/2000  in  present  case). 

R,  Rq  and  R^  are  the  corresponding  resistances,  while  k, 
k^  and  k^  are  the  corresponding  specific  conductivities  (most 
conveniently  multiplied  by  10^  for  use). 

The  formula  was  derived  as  follows:  Assuming  the  con- 
stancy of  the  ratio  between  the  percentage  increments  in  re- 
sistance, R,  and  in  dilution  (or  equivalent  volume),  V,  respec- 
tively, we  have, 

,  ^    dY  dR 

Integrating,  we  have, 

(2)  lnV=:clnR4-  constant, 
const.  =  In  Vq  —  c  In  R^ ; 

(3)  In  V--lnVo  +  c(lnR— InRo). 

Since  x  =  Y-\  In  V  =  — In  :x;,  we  have  from  (3), 

(4)  \nx  =^\nX()  —  c(ln  R  —  In  Rq)  ; 

^  =  ^  .■  .  InR  — lnRo  =  lnibo  — InJfe. 

Substituting  (In  x^  —  In  k)  for  (In  R  —  In  R^)  in  (4),  we  have 

(5)  ln:c  =  lna:o  —  c(ln  fe,,  —  Infe). 

As  all  terms  are  logarithmic  and  require  multiplication  by 
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the  same  modulus  to  change  to  Briggs'  logarithm,  equations 
(4)  and  (5)  hold  without  change  for  ordinary  logarithms  and 
constitute  the  formula  already  given.  The  determination  of 
the  constant  of  integration  from  values  of  V^  and  R^  renders 
the  equation  exact  for  a  solution  of  x^,  concentration,  while  the 
determination  of  c  from  values  Xd  and  Ra  render  it  exact  for  a 
solution  of  concentration  Xd.  This  formula,  with  graphic  cor- 
rection, can  be  employed  for  mineral  as  well  as  organic  elec- 
trolytes, though  not  so  simple  as  the  one  previously  given. 
The  following  values  were  obtained  for  the  two  acids  : 

^0-  ^d.  Rq.  Rrf. 

Lactic  acid              8.0  0.5       2036    K       11,610  K 

Acetic    "                 8.0  0.5       6624   K       28,870  K 
K  =  capacity  of  cell. 
From  these  values  the  constants  of  the  two  formulas  were 
obtained : 

log  Xo.  c.                        log  Ro. 

Lactic  acid         0.9031  i  .592         4.0649  +  log  K 

Acetic    "            0.9031  1.882         4.4605  + log  K 

The  formulas  are  exact  for  the  concentrations  selected  as 
limits  (N/125  and  N/2000)  and  approximate  for  intermediate 
points.  The  corrections  having  been  determined  at  a  few  of 
these  points,  the  remaining  ones  were  graphically  interpolated, 
plotting  as  abscissae  values  of  x  calculated  by  the  formulas, 
and  as  ordinates,  the  corresponding  corrections.  These  cor- 
rections, like  those  in  the  formula  used  for  mineral  acids,  in- 
clude those  due  to  the  influence  of  water.  The  conductivity 
of  the  latter,  for  all  work  with  lactic  and  acetic  acids,  varied 
from  1.2  X  io~^  to  1.7  X  io~^. 

Table  III. — Showing  Corrections  to  Formulas  for  Lactic  and 
Acetic  Acids. 


Jquivalent 
volume. 
V.       X 

=  ^.106. 

X  calculatedfrom  resis- 
tance by  formula. 

Corrections  to 

X  calculated. 

Lactic. 

Acetic. 

Lactic. 

Acetic. 

125 

8.000 

8.000 

8.000 

±0.000 

±0.000 

250 

500 

1000 

2000 

4.000 
2  .000 
I  .000 
0.500 

4.140 
2  .102 
I  .042 
0.500 

4025 
2.038 
I  .016 
0.500 

—0.140 

0.102 

—0.042 
±0.000 

0.025 

—0.038 

0.016 

±0.000 
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The  series  of  resistances,  from  which  the  formula  constants 
and  intermediate  corrections  were  calculated  in  the  case  of 
these  two  acids,  were  taken  in  the  usual  manner  by  dilution 
in  the  cell,  checking  the  results  by  duplicates  of  the  higher 
dilutions  made  directly  from  the  lowest,  and  by  running  du- 
plicate series. 

The  values  found  for  the  molecular  conductivity  of  lactic 
acid,  after  making  correction  for  the  conductivity  of  the  water, 
are  considerably  higher  than  those  given  by  Ostwald.^  We 
are  unable  to  account  for  this  difference,  since  we  observed 
all  requisite  precautions,  using  Kahlbaum's  C.  P.  acid  and 
preparing  fresh  N/io  solutions  with  which  to  run  duplicate 
series. 

In  taking  the  resistance  of  lactic  acid,  it  was  found  necessary 
to  heat  the  electrodes,  as  recommended  by  Whetham,^  changing 
the  platinum  black  to  gray,  before  we  could  obtain  accurate 
readings. 

EXPERIMENTAL    RESULTS. 

While  the  main  purpose  of  our  work  was  to  study  the  action 
of  dilute  acids  upon  casein  when  no  soluble  compounds  are 
formed,  it  became  necessary  to  ascertain  the  conditions  under 
which  soluble  compounds  are  formed,  in  order  to  avoid  such 
solution.  We  shall,  therefore,  consider  this  phase  of  our 
work  first. 

The  Solubility  of  Casein  in  Dilute  Acids. 

The  ready  solubility  of  casein  in  acids  of  N/io  or  N/20 
concentration,  especially  hydrochloric  acid,  has  been  a  familiar 
fact  for  a  long  time,  but  little  has  been  done  in  studying  the 
solubility  of  casein  in  acids  much  above  N/ioo  dilution. 
Our  work  shows  that  casein  is  appreciably  dissolved  at  25° 
by  hydrochloric  and  lactic  acids  of  N/iooo  dilution  and  by 
N/125  acetic  acid.  In  all  cases  the  solubility  is  markedly 
increased  by  increase    of  temperature. 

Evidence  of  solution  can  be  furnished  by  the  following 
obser-v^ations : 

1  IvCit.  d.  Elek.,  p.  179,  Kohlrausch. 

2  Phil.  Trans.,  194,  330  (1900). 
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(i)  Viscosity  of  Solution. — After  being  treated  with  casein 
by  the  method  described  on  p.  388,  acids  show  marked  viscosity. 
In  the  case  of  sHght  solution  of  casein,  this  is  shown  by  the 
readiness  with  which  foam  is  produced  when  the  flask  containing 
the  filtrate  is  shaken,  and  also  by  the  length  of  time  the  foam 
persists.  The  behavior  of  the  foam  is  very  different  in  amount 
and  duration  from  that  formed  by  agitating  a  solution  of  acid 
that  contains  no  dissolved  casein.  In  the  case  of  more  marked 
solution,  viscosity  is  more  readily  noticed,  and  the  liquid 
foams  noticeably  while  being  drawn  through  the  filter;  it  also 
filters  more  slowly.  In  cases  of  very  marked  solution,  filtra- 
tion, even  by  suction  through  a  thin  asbestos  mat,  was  difficult 
and  the  filtrate  consisted  largely  of  foam. 

(2)  Behavior  of  Solution  on  Adding  Alkali. — The  clear 
filtrate  on  titration  with  N/ioo  NaOH  becomes  opalescent 
and  varies  from  that  to  milky  turbidity  and  even  to  the  for- 
mation of  a  heavy,  curd-like  precipitate,  according  to  the 
amount  of  casein  in  solution.  These  phenomena  appear 
before  neutrality  is  reached  and  disappear  before  sufficient 
alkali  is  added  to  give  a  permanent  color  with  phenolphthalein. 
In  the  case  of  precipitation,  the  readiness  with  which  the 
precipitate  dissolves  varies  with  the  rate  at  which  the  alkali 
is  added.  When  the  alkali  is  added  slowly,  the  precipitate 
forms  large  flakes  and  these,  once  formed,  redissolve  quite 
slowly.  On  the  other  hand,  if  alkali  is  rapidly  added  in  amount 
sufficient  to  redissolve  any  precipitate,  the  particles  of  casein, 
not  having  time  to  form  large  aggregations,  redissolve  almost 
instantly,  so  that  only  a  transient,  opaque  milkiness  is  observed 
before  redissolving  takes  place. 

(3)  The  Xanthoproteic  Reaction. — The  presence  of  dissolved 
casein  in  the  filtrate  is  readily  shown  by  the  xanthoproteic 
reaction.  For  the  purpose  of  making  our  results  comparable, 
this  test  was  applied  uniformly  in  the  following  manner: 
We  boiled  10  cc.  of  the  filtrate  to  be  examined  with  10  cc.  of 
nitric  acid  (sp.  gr.  1.42)  and  then  added  about  12.5  cc.  (about 
2  cc.  in  excess  of  neutrality)  of  a  concentrated  solution  of  so- 
dium hydroxide.  A  blank  test  was  used  for  comparison  in 
cases  where  the  result  of  the  reaction  appeared  in  doubt. 
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(4)  Deviation  between  Results  by  Titration  and  Condtictivity 
Methods. — ^When  any  casein  dissolves,  titration  of  the  filtrate 
shows  more  acid  than  does  the  measurement  of  conductivity, 
because  titration  of  the  filtrate  with  alkali  measures  not  only 
the  acid  not  taken  up  by  casein  but  also  that  combined  with 
dissolved  proteid,  and,  in  addition,  the  acidity  of  the  dissolved 
proteid  itself,  which  in  some  cases  may  neutralize  even  more 
alkali  than  the  free  acid.  On  the  other  hand,  the  error  caused 
in  conductivity  results  by  partial  solution  of  proteid  can,  at 
most,  amount  to  only  a  relatively  small  percentage,  because 
the  fixation  of  free  hydrochloric  acid  for  instance,  to  form  a 
soluble  proteid  compound,  in  which  the  light  and  rapidly  moving 
H+  ion  of  hydrochloric  acid  is  replaced  by  the  enormously  com- 
plex and  sluggish  proteid  radical,  results  in  the  loss  of  most 
of  the  conducting  power  of  the  acid.  Thus,  the  addition  of 
sufficient  egg  albumin  to  combine  with  all  the  acid  in  N/20 
HCl  solution,  forming  soluble  albumin  hydrochloride,  results 
in  a  decrease  of  83  per  cent  in  the  conductivity  of  the  solution.^ 
Similarly,  the  combination  of  hydrochloric  acid  with  globulin 
results  in  a  decrease  of  76  per  cent  in  conductivity.-  When 
solution  of  casein  in  acid  occurs,  the  soluble  acid  proteid  has 
still,  undoubtedly,  a  low  conductivity  of  its  own,  as  in  the  two 
cases  just  mentioned.  This  will  render  somewhat  too  high  the 
concentration  of  free  acid  calculated  on  the  assumption  that  the 
combined  acid  forms  only  a  compound  which  is,  Uke  the  insol- 
uble one,  entirely  non-conducting.  The  error  will,  however, 
be  one  of  a  small  percentage,  particularly  when  only  a  fraction 
of  the  casein  dissolves  and  the  greater  part  of  the  acid  taken 
up  goes  to  form  the  insoluble  substance. 
g.The  titration  results,  on  the  other  hand,  as  will  be  shown 
presently,  may  indicate  only  a  small  proportion  of  acid  taken 
up,  or  even  less  than  none.  We  made  determinations  of  acid 
in  the  filtrates  obtained  from  mixtures  of  casein  and  acid 
in  numerous  experiments  in  which  we  used  concentrations 
varying  from  N/125  to  N/ 500  HCl,  employing  both  the  titra- 
tion and  conductivity  methods  as  checks  upon  each  other. 

»  Sjoqvist:  Skand.  Archiv.  f.  Physiol.,  6,  334  (1895). 
*  Hardy:  Jour.  Physiol.,  S3,  273  (1905). 
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We  found  that  whenever  the  filtrate  gave  a  pronounced  pro- 
teid  reaction,  the  titration  results  fell  below  the  conductivity- 
results  and  that,  the  more  pronounced  the  proteid  reaction, 
the  greater  was  the  difiference  between  the  two  sets  of  results. 

In  some  cases,  when  the  decrease  in  conductivity  showed 
that  a  large  part  of  the  hydrochloric  acid  had  been  removed 
from  solution  or  combined  with  casein  in  a  soluble  form,  titra- 
tion with  alkali  showed  that  the  filtrate  had  actually  a  greater 
acidity  than  could  be  accounted  for  by  the  total  amount  of  acid 
originally  used  in  the  experiment.  The  titration  caused  a  volu- 
minous precipitate,  and  the  filtrate  showed  an  intense  xan- 
thoproteic reaction  in  such  cases.  The  increased  acidity  was 
due  to  the  acidity  of  the  dissolved  proteid  itself. 

There  are,  then,  two  reasons  why  the  determinations  of  acidity 
by  titration  and  by  conductivity  do  not  give  concordant  results 
when  the  solution  contains  dissolved  proteid,  the  titration  re- 
sults being  in  error.  First,  the  dissolved  casein-acid  compound 
decomposes  at  once  in  the  presence  of  alkali,  freeing  the  acid 
previously  combined.  Second,  the  dissolved  proteid  also  com- 
bines with  and  neutralizes  part  of  the  alkali.  The  acidity 
of  the  filtrate,  instead  of  representing  only  the  amount  of  acid 
not  taken  up  by  the  casein,  equals  the  acid  not  so  taken  up, 
plus  the  acid  that  has  combined  with  casein  to  form  a  soluble 
casein-acid  compound,  phis  the  acidity  of  the  dissolved  pro- 
teid. Experiment  shows  that  the  solution  of  a  gram  of  casein 
in  a  given  volume  of  acid  increases  by  about  8  J  cc.  the  volume 
of  N/io  NaOH  required  to  neutraUze  the  acid.  This  also 
is  the  amount  of  alkali  required  to  dissolve  and  neutraUze  to 
phenolphthalein  i  gram  of  free  casein.  The  acidity  of  the 
casein  itself  appears  to  be  unchanged  by  solution  in  dilute 
acid,  whether  or  not  the  nature  of  the  casein  complex  is  changed. 

Effect  of  Temperature  upon  Solution  of  Proteid,  and  of  Solu- 
tion upon  Titration  Results. — The  set  of  experiments  described 
below  shows  clearly  the  effect  of  temperature  upon  the  rate 
of  solution  and  also  the  effect  of  solution  upon  the  accuracy 
of  the  titration  method  as  used  by  Van  Slyke  and  Hart,  Laxa 
and  Leo.  The  experiments  were  performed  in  the  manner 
already   described.      Flasks   containing    casein    and    hydro- 
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chloric  acid  were  kept  at  0°,  25°,  and  45°  in  constant  tem- 
perature baths  which  were  shaken  at  intervals.  The  titra- 
tions were  made  in  duplicate,  agreement  being  within  o.i  cc. 
of  N/ioo  alkali  in  all  cases.  The  expression  "acid  fixed  by- 
casein,"  used  in  the  following  table,  indicates  acid  taken  from 
the  state  of  solution  as  free  hydrochloric  acid,  whether  the  union 
with  casein  be  physical  or  chemical  or  both  in  part,  as  is  prob- 
ably the  case  when  partial  solution  of  casein  occurs.  We  used 
100  cc.  of  N/125  HCl  for  I  gram  of  casein.  The  concentration 
of  the  acid  used  was  7.905  instead  of  8,  because  the  factor  of 
the  stock  solution  was  a  little  less  than  unity.  The  weights  of 
casein  represent  water-free  casein,  correction  being  made  for 
the  amount  of  moisture  present,  which  was  generally  3  to  4 
per  cent,  this  plan  being  adopted  in  all  our  work. 

In  the  table  (p.  405),  the  results  are  arranged  to  show: 
(i)  Effect  of  temperature  on  the  rate  of  solution  of  casein 
in  acid  (columns  10  and  11). 

(2)  Effect  of  solution  on  accuracy  of  titration  results  (comr 
pare  columns  6  and  9  with  reference  to  10  and  11). 

(3)  Effect  of  solution  on  amount  of  hydrochloric  acid  fixed 
by  casein.  (Compare  5  hour  figures  for  0°,  25  °  and  45  °,  column 
6,  with  reference  to  10  and  11). 

Explanation  of  Fig.  1. — The  results  given  in  Table  IV.  are 
expressed  in  the  form  of  curves  in  Fig.  I.  in  which  the  curves 
marked  "conduc"  and  having  points  marked  "x"  express  re- 
sults obtained  by  the  conductivity  method,  while  the  curves 
marked  "titr."  and  having  points  marked  "o"  express  results 
obtained  by  the  titration  method. 

The  numbers  associated  with  the  points  x  and  o  express 
approximate  degrees  of  solution  of  casein  by  acid,  as  indicated 
below  (see  table,  p.  406). 

The  figures  in  the  last  column  were  obtained  as  follows: 
We  dissolved  0.5  gram  of  casein  in  nitric  acid  and  diluted  to  500 
cc,  each  cubic  centimeter  containing  i  mg.  of  proteid.  Different 
amounts  of  this  solution  were  diluted  to  10  cc.  each  and  tested 
by  the  xanthoproteic  reaction.  The  same  system  of  numbers 
(first  column)  will  be  uniformly  employed  hereafter  to  express 
approximate   degrees   of  solution. 
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In  Fig.  I.  it  will  be  seen  that  at  o°  there  is  comparatively 
slight  solution  of  casein  and  the  results  obtained  by  the  two 
methods,  conductivity  and  titration  coincide.  At  25°,  solu- 
tion becomes  marked,  and  the  abnormally  low  curve  after  the 
first  five  minutes  furnished  by  titration  results  is  strikingly 
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Fig.  I.— Action  of  N/125  HCl.     Showing  abnormally  low  titration  results  at  25°  and 
45  ".  caused  by  solution  of  casein. 
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apparent.  At  45°  the  effect  of  solution  is  still  more  evident. 
In  fifteen  minutes  the  amount  of  dissolved  casein  makes  the 
acidity  of  the  filtrate  actually  greater  than  that  of  the  original 
N/125  acid  used. 

The  results  embodied  in  Table  IV.  and  in  Fig.  I  are  summa- 
rized as  follows: 

(i)  Casein  takes  up  hydrochloric  acid  from  solution.  At 
0°,  I  gram  of  casein  takes  up  from  100  cc.  of  N/125  HCl, 
without  appreciable  solution,  the  acid  in  about  50  cc,  which 
is  equivalent  to  4  cc.  N/ 10  acid,  an  amount  about  eight  times 
that  found  by  Van  Slyke  and  Hart.^ 

(2)  The  formation  of  a  soluble  substance  from  casein  by  the 
action  of  the  acid  is  effected  when  there  is  an  increase  in  tem- 
perature or  in  the  time  of  contact  between  the  acid  and  casein. 
For  convenience  we  may  term  this  soluble  substance  soluble 
acid-casein,  without  considering  the  question  as  to  whether 
it  is  a  salt  of  casein  or  a  proteolytic  product. 

(3)  More  casein  goes  into  solution  in  five  minutes  at  45° 
than  in  five  hours  at  0°. 

(4)  The  soluble  substance  appears  to  be  a  combination 
of  casein  and  acid.  This  is  indicated  by  the  fact  that  there  is 
a  decrease  in  the  conductivity  of  the  acid  simultaneous  with 
the  formation  of  the  soluble  acid-casein.  The  decrease  is  so 
marked  that  there  is  no  doubt  that  the  formation  of  the  soluble 
compound  is  accompanied  by  fixation  of  hydrochloric  acid. 
Doubtless  the  soluble  acid-casein  has  appreciable  conductiv- 
ity of  its  own,  as  already  mentioned  in  the  case  of  the  proteids, 
so  that  even  the  conductivity  results  for  the  amount  of  acid 
fixed  are  somewhat  too  low. 

(5)  The  method  of  determining  by  titration  with  alkali  the 
amount  of  acid  remaining  unaffected  by  treatment  with  casein 
is  thoroughly  unreliable  in  the  presence  of  soluble  acid-casein. 

In  connection  with  the  data  here  presented,  it  would  seem 
that  the  results  of  the  experiments  above  described  ought  to 
emphasize  the  fact  that  caution  should  be  used  in  the  deter- 
mination of  free  acid  by  titration  in  liquids,  such,  for  example, 
as  gastric  juice,  which  have  been  in  contact  with  proteids, 

1  This  Joxtrnal,  33,  478  (1905). 
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Simon/  in  a  discussion  of  the  subject,  gives  titration  with  sodium 
hydroxide,  using  phenolphthalein  for  indicator,  as  the  method 
for  estimating  the  acidity  of  the  gastric  contents,  and  he  also 
"states  that  the  acidity  is  increased  by  the  ingestion  of  albumi- 
nous food.  This  would  naturally  be  found  so  by  the  titration 
method,  because  the  proteid  in  solution  would  neutralize  part 
of  the  alkali  used  in  titration  and  thus  increase  the  amount 
required. 

Effect  of  Temperature  and  Concentration  upon  the  Rate  at 
which  Acids  Dissolve  Casein. — We  present  below  in  Tables 
v.,  VI.,  and  VII.  results  indicating  the  effect  of  temperature 
and  concentration  of  acid  upon  the  rate  at  which  acids  convert 
casein  into  solution.  The  acids  used  in  our  study  are  hydro- 
chloric, lactic,  sulphuric  and  acetic;  the  temperatures,  o°,  25° 
and  45°;  and  the  concentrations,  N/125,  N/500,  N/iooo 
and  N/2000.  The  numbers  in  the  tables  indicate  degrees  of 
solution,  as  explained  on  p.  404  in  connection  with  Fig.  I.  The 
figures  on  the  left  in  each  column  express  degrees  of  solution 
as  shown  by  the  appearance  of  the  filtrate  when  treated  with 
sodium  hydroxide;  those  at  the  right  indicate  the  results  of 
the  xanthoproteic  test. 

The  results  embodied  in  Tables  V.,  VI.,  and  VII.  are  sum- 
marized as  follows: 

(i)  Comparing  hydrochloric  and  lactic  acids,  it  is  seen  that 
these  two  acids  have  about  the  same  solvent  power  at  0°  with 
the  higher  dilutions,  but  with  N/125  acid  the  solvent  power 
of  the  lactic  acid  is  somewhat  greater.  Increase  of  temperature 
increases  the  solvent  effect  of  lactic  acid  less  than  that  of  hy- 
drochloric. 

(2)  Sulphuric  acid  dissolves  casein  more  slowly  than  does 
hydrochloric  acid  of  the  same   strength. 

(3)  Acetic  acid  is  distinguished  for  its  comparatively  slight 
solvent  action  on  casein  at  ordinary  temperatures.  This  fact 
is  of  interest  in  connection  with  the  method  of  separating 
casein  from  milk  by  precipitation  with  acetic  acid,  the  method 
in  general  use.  Its  use  involves  a  more  complete  separation 
under  uniform  conditions,  and  with  less  solvent  action,  than 
can  be  attained  by  use  of  the  other  acids  studied. 

»  "Physiological  Chemistry,"  p.  128  (1904). 
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(4)  In  order  to  study  the  efifect  of  the  acids  under  consid- 
eration upon  casein  without  dissolving  appreciable  amounts 
of  casein,  it  is  necessary  to  use  acid  solutions  as  dilute  as  N/500 
to  N/2000  and  at  temperatures  not  above   25°  C. 

Action  of  Neutral  Salts  upon  the  Solubility  of  Casein. — In 
order  to  test  the  eflFectof  replacing  the  H+  ion,  casein  was  treated 
at  room  temperature  with  N/ 125  MgS04  and  with  N/50  KCl, 
the  same  method  of  treatment  being  used  as  with  the  acids. 
Even  after  constant  agitation  of  casein  with  magnesium  sul- 
phate for  six  hours  and  with  .potassium  chloride  for  twenty- 
eight  hours,  we  were  unable  to  obtain  any  evidence  of  solution 
of  casein. 

The  solvent  power  of  the  dilute  solution,  at  least  of  hydro- 
chloric and  sulphuric  acids,  appears,  therefore,  to  depend  upon 
the  presence  of  H+  ions.  However,  since  the  solvent  power 
of  lactic  acid  is  comparable  with  that  of  the  mineral  acids, 
it  suggests  that,  other  conditions  being  uniform,  the  concen- 
tration of  the  H+  ions  is  not  the  only  factor.  As  bearing  on 
this  point,  a  quantitative  test  of  the  solubilities  of  casein  in 
acids  of  variable  dissociating  powers  is  desirable. 

The  following  figures  represent  the  percentage  of  dissociation 
and,  according  to  the  dissociation  theory,  the  relative  concen- 
tration of  the  H+  ions  in  solutions  of  the  four  acids  of  the 
concentrations  used: 

Per  cent  of  dissociation. 


Equivalent 
volume. 

Hydrochloric 
acid. 

Sulphuric 
acid. 

I.actic 
acid. 

Acetic 
acid. 

125 

100 

82 

12.2 

4.6 

500 

100 

95 

22.7 

9-1 

1000 

100 

98 

30.7 

12.6 

The  figures  for  hydrochloric  and  sulphuric  acids  are  according 
to  Jones  and  Douglas;^  those  for  lactic  and  acetic  acids,  from 
Ostwald.2 

The  results  presented  in  Tables  V.,  VI.  and  VII.  show  that 
hydrochloric  acid  has  stronger  solvent  power  than  sulphuric 
acid  and  that  lactic  acid  is  stronger  than  acetic,  results  which 

»  Am.  Chem.  Jour.,  26,  434  (1901). 

2  Zeit.  f.  Physik.  Chem..  3,  174  and  191  (1889). 
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are  in  general  harmony  with  the  dissociation  figures  preceding 
as  far  as  the  two  mineral  and  the  two  organic  acids,  taken 
separately,  compare  with  each  other;  but  the  dissolving  power 
of  the  two  organic  acids,  compared  with  that  of  the  mineral 
acids,  is  entirely  out  of  proportion  to  the  relative  dissociating 
powers  of  the  former.  Apparently,  the-  anions  of  the  organic 
acids  as  well  as  the  H+  ions  influence  the  solvent  power.  This 
solvent  effect  of  the  organic  ions  is  also  shown  by  Robertson's 
result.^  While  he  found  that  N/io  solutions  of  the  chloride, 
sulphate  and  nitrate  of  sodium  did  not  dissolve  casein  appreci- 
ably, the  acetate,  propionate,  butyrate  and  valerate  all 
showed  marked  solvent  action. 

The  solution  of  casein  in  dilute  acids  may  be  the  result  of 
the  formation  of  a  soluble  casein-acid  salt,  similar  to  an  amido 
salt,  or  it  may  be  the  result  of  the  decomposition  of  the  casein 
molecule,  part  of  which  is  spUt  off  and  gives  the  reaction  for 
proteid  in  solution.  In  the  latter  case,  we  should  expect  some 
change  in  the  properties  of  the  undissolved  portion,  and  this 
is  found  to  be  true.  An  attempt  was  made  to  determine  the 
percentage  of  casein  dissolved  at  25°  by  N/125  HCl  in  three 
hours;  the  undissolved  casein  was  collected  in  a  Gooch  crucible, 
washed,  and  dried  at  100°.  At  the  time  of  filtration  the  un- 
dissolved residue  presented  a  swollen,  gelatinous  appearance 
and,  when  placed  in  the  steam  oven  to  dry,  it  completely 
melted,  running  through  the  perforated  bottom  of  the  crucible. 
The  dried  mass  looked  like  dried  albumin.  The  experiment 
was  repeated  with  the  same  result.  Casein  itself  can  be  heated 
to  120°  or  higher  without  visible  change,  and  casein  that  has 
taken  up  acid  without  any  solution  of  the  proteid  does  not 
appear  either  to  swell  or  gelatinize,  and  it  can  be  dried  in  a 
steam  oven  without  difficulty.  When  a  part  of  the  casein 
goes  into  solution,  the  undissolved  residue  appears  to  undergo 
some  profound  change  in  its  properties,  and  this  fact  suggests 
the  possibility  of  molecular  decomposition.  The  scope  of 
our  work  did  not  permit  us  for  the  time  being  to  carry  farther 
our  study  into  the  details  of  this  interesting  change. 

1  Jour.  Biol.  Chem.,  2.  338  (1907). 
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The  Action  of  Hydrochloric  Acidupon  Casein  without  Solution. 

In  the  foregoing  pages  we  have  studied  the  conditions  under 
which  casein  goes  into  partial  solution  when  treated  with  dilute 
acids,  and  also  those  under  which  such  solution  may  be  avoided. 
Working  under  the  latter  conditions,  as  completely  as  possible, 
we  now  purpose  to  ascertain  to  what  extent  and  under  what 
conditions  casein  takes  up  acid  from  dilute  solutions  when  no 
casein  dissolves.  It  has  already  been  shown  by  both  titration 
and  conductivity  methods  (Fig.  I.,  p.  406,  curve  for  0°),  that 
when  a  gram  of  casein  is  shaken  with  100  cc.  of  N/125  HCl 
at  0°,  about  one-half  of  the  acid  is  removed  from  solution  before 
appreciable  solution  of  casein  occurs.  The  fact  that  the  acid 
is  thus  taken  up  to  form  an  insoluble  substance  with  casein 
being  shown,  the  question  remains:  Is  the  taking  up  of  acid 
by  casein  a  chemical  reaction  and  is  the  resulting  insoluble' 
casein-acid  substance  a  definite  chemical  compound,  or  is  the 
process  one  of  adsorption?  The  results  which  follow  appear 
to  indicate  that  the  behavior  of  the  reaction  places  it  in  the 
class  of  adsorption  reactions,  of  which  the  adsorption  of  dyes 
and  dilute  acids  by  silk  forms  a  parallel  example.  ^ 

Our  results  point  to  the  following  conclusions:  First, 
contrary  to  the  former  belief  of  Van  Slyke  and  Hart, 
there  is  no  definite  insoluble  chemical  compound  formed,  but 
the  amount  of  acid  taken  up  by  casein  varies,  temperature 
remaining  constant,  in  proportion  to  the  concentration  of  the 

acid  in  the  surrounding  solution.    The  ratio  ~^r-. — ^— 

^  HCl  in  I  cc.  H2O 

is  a  constant  under  uniform  conditions  between  the  limits 
of  concentration  studied,  and  can  be  established  either  by 
acid-casein,  giving  up  acid  to  the  surrounding  water,  or  vice 
versa,  the  acid  going  either  way  according  to  the  initial  con- 
centration. 

Second,  the  variation  in  the  amount  of  acid  taken  up  by 
casein  does  not  appear  to  be  due  to  the  hydrolysis  of  a  casein- 
acid  salt  but  rather  appears  to  occur  in  accordance  with  the 
behavior  of  adsorption  reactions,  as  will  be  pointed  out  in  later 
discussion. 

>  Schmidt:  Z.  physik.  Chem.,  16,  56  (1894).  Walker  and  Appleyard:  J.  Chem* 
Soc,  69,   1334   (1896). 


414  y(^''^  Slyke  and  Van  Slyke. 

In  carrying  on  our  study,  it  was  important  to  employ 
conditions  under  which  the  reaction  reaches  equiUbrium  with- 
out solvent  action  on  the  casein.  We  found  it  necessary  to 
use  acids  not  stronger  than  N/125  ^nd  to  carry  on  the  experi- 
ments at  0°  in  order  to  avoid  solution  before  the  casein  had 
taken  up  all  the  acid  it  could.  Even  under  these  conditions, 
long  standing  in  contact  with  acids  usually  resulted  in  per- 
ceptible solution  of  casein,  but  to  a  degree  so  slight  that  it 
did  not  appear  to  affect  the  results,  except  possibly  in  the  case 
of  the   24-hour  periods  with   N/125   acid. 

In  the  tables  following,  the  concentration  of  acid  in  the 
solutions  is  given  in  terms  expressing  the  number  of  cubic 
centimeters  of  N/iooo  acid  equivalent  to  i  cc.  of  solution 
used.  The  concentration  of  acid  in  the  casein  is  given 
in  terms  expressing  the  number  of  cubic  centimeters  of  N/ 1000 
acid  taken  up  by  i   gram  of  casein. 

In  the  third  column,  the  figure  representing  the  amount  of 
N/iooo  acid  in  i  cc.  of  solution  given  for  zero  time, 
indicates  the  exact  concentration  of  the  acid  used  in  the 
series,  as  determined  by  measurement  of  its  conductivity. 
This  value  generally  differs  slightly  from  the  figures  correspond- 
ing to  the  normality  given  in  the  first  column,  because  the  stock 
solutions  usually  possessed  factors  varying  somewhat  from 
unity. 

In  the  fourth  column  (concentration  of  acid  in  casein), 
the  amount  of  acid  taken  up  by  i  gram  of  casein  in  each  case 
is  calculated  from  the  difference  between  the  original 
concentration  of  the  aqueous  solution  of  acid  and  its 
concentration  after  contact  with  casein  for  the  time  stated, 
as  in  Table  IV.     The  calculation  is  based  upon  the  formula 

C    =  ,  in  which  C  represents  the  concentration  of  acid 

9 
in  casein;  D,  the  decrease  in  concentration  of  acid  in  aqueous 
solution  caused  by  contact  with  casein;  V,   the  volume  of  the 
solution;  and  g,  grams  of  casein  used. 

In  the  sixth  column,  the  figures  express  the  ratio  of  the  amount 
of  acid  in  i  gram  of  casein  to  the  amount  of  acid  in  i  cc. 
of  the  surrounding  solution  at  the  end  of  the  period  during 
which  the  acid  and  casein  were  in  contact. 
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Table  VIII. — Showing  Amounts  of  Hydrochloric  Acid  Taken 
up  at  0°  by  Casein  in  Contact  with  Solutions  of  Varying 
Concentration. 
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M  a  " 

0 

M 

■2S8S 

w  ca  (J 

1 

.2 

q5 

0  "  II   fi 

0       U2 

111 
III 

ca  0  3 

M 

N/2400 

0 

0.4168 

0 

0 

0 

3  hrs. 

0.2848 

26.4 

31-7 

92.7 

0 

200  cc 

6  hrs. 

0.2683 

29.7 

35-6 

no. 6 

0 

for  I  gram 

12  hrs. 

0 . 2400 

35-4 

42.4 

147.7 

0 

of  casein. 

24  hrs. 

0 .  2406 

35-2 

42.3 

146.4 

0 

0 

0.9986 

0 

0 

0 

N/iooo 

15  min. 

0.8221 

35-3 

17.7 

42.9 

0 

45     " 

0.8172 

36-3 

18.2 

44-4 

0 

200  cc 

i}4  hrs. 

0.7565 

48.4 

24.2 

64.4 

0 

for  I  gram 

3  hrs. 

0.6631 

67.1 

33-6 

101.3 

0 

of  casein. 

6     " 

0.6313 

73-4 

36.7 

116. 2 

0 

10     " 

O.6112 

77-5 

38.8 

131-3 

I 

24     " 

0.5915 

81.4 

40.7 

142.8 

I 

0 

1.986 

0 

0 

0 

N/500 

15  min. 

I  .670 

63-2 

15-9 

37.8 

0 

45 

I    570 

83-2 

21 .0 

53-0 

0 

200  cc. 

I  y2  hrs. 

1-453 

106.6 

26.8 

73-3 

0 

for  I  gram 

3     " 

■    1.383 

120.6 

32.0 

93-9 

I 

of  casein. 

6     " 

1. 182 

160.8 

40.6 

136.2 

I 

10     " 

1. 176 

162  .4 

40.9 

138.0 

2 

24     " 

1 .  142 

168.8 

42.5 

147-5 

3 

0 

7  905 

0 

0 

0 

N/125 

15  min. 

5331 

257-4 

32-6 

48.2 

0 

45    " 

4-253 

365-2 

46.2 

85-8 

0 

100  cc 

I  fs  hrs. 

4.050 

385.5 

48.8 

95-1 

2 

for  I  gram 

5     " 

3-744 

416. 1 

52.6 

III. 2 

2 

of  casein. 

0 

7-993' 

0 

0 

0 

12     " 

3-306 

468.7 

58.6 

141. 8 

3 

24     " 

•3.188 
.3-195 

[480.5 
1479-8 

60.1    fi5o.8 
160.0   U50.2 

4 
4 

'  Acid  of  7.993  concentration  was  used  for  last  two  experiments  of  N/125  series. 
The  percentage  of  acid  taken  up  from  the  N/125  solution  is  greater  because  only  100  cc. 
of  solution  were  used.     The  ratio  reached  (column  6)  is  about  the  same. 
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The  following  statements  summarize  the  results  presented 
in  Table  VIII.: 

(i)  At  o°  casein  takes  up  increasing  amounts  of  acid  for 
about  twenty-four  hours,  when  equilibrium  appears  to  be 
practically  estabHshed,  as  is  shown  by  the  fact  that  the  curves 
in  Fig.  II.  approach  a  horizontal  position  when  the  abscissae 
denote  that  length   of  contact   between   acid   and   casein. 

(2)  The  final  amount  of  acid  taken  up  by  i  gram  of  casein 
varies  in  proportion  to  the  concentration  of  the  surrounding 
acid  solution,  as  is  shown  by  the  twenty-four  hour  results 
in  the  fourth  column.  With  the  range  of  concentrations  of 
hydrochloric  acid  employed,  the  final  amount  of  acid  taken  up 
by  I  gram  of  casein  varies  from  the  equivalent  of  35.36  to  480.3 
cc.  N/iooo  HCl,  which  amounts  were  taken  up  by  casein  in 
contact  with  solutions  of  acid  whose  final  concentrations  were 
0.2400  and  3.192  respectively. 

(3)  If  we  divide  the  amount  of  acid  contained  in  i  gram 
of  casein  by  the  amount  of  acid  contained  in  i  cc.  of  the  sur- 
rounding solution  at  equilibrium,  we  obtain  a  ratio,  about  147, 
which  is  approximately  constant,  as  shown  in  the  sixth  column. 
The  lower  value,  142.8,  obtained  with  N/iooo  acid  is  probably 
due  to  incomplete  attainment  of  equilibrium.  The  slightly 
higher  result  in  the  case  of  N/ 125  acid  is  to  be  expected,  since 
appreciable  solution  of  proteid  occurs. 

(4)  The    acid,    however  small  the  amount  used,  was  in  no 

case     completely     taken     up     by     casein,      but     the     ratio, 

amount  of  acid  in  i  gram  casein  ,  ....    . 

-z r^i— — ^ »  approaches  an  equilibrium 

amount    of    acid  m  i  cc.    water 

constant,   about   147,   with   the  concentrations  tested. 

The  results  given  in  the  fourth  column  of  Table  VIII.  are 
expressed  in  Fig.  11.  in  the  form  of  curves,  which  illustrate 
the  fact  that  the  process  by  which  casein  takes  up  acid  does 
not  follow  the  law  of  definite  combining  proportions,  and  that 
the  amount  of  acid  fixed  by  a  gram  of  casein  in  the  presence 
of  an  excess  of  acid  is  not  constant  but  increases  with  increas- 
ing concentration  of  acid. 

Amount  of  Acid  Taken  Up  by  Casein  Dependent  upon  the 
Concentration  of  Acid  Present. — In  order  to  illustrate  more 
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fully  the  fact  that  the  amount  of  acid  taken  up  by  i  gram  of 
casein  is  dependent,  not  upon  the  absolute  amount  of  acid 
present,  but  upon  the  concentration,  we  give  the  data  embodied 
in  Table  IX.  The  three  series  of  experiments  were  carried 
on  at  different  times  and  for  different  purposes,  which  accounts 
for  the  lack  of  uniformity  in  the  time  intervals  used.     It  will 


Hours  Contact »■ 

-Showing  (1)  amounts  of  HCl  taken  up  at  0"  by  casein  in  contact  with 
different  concentrations;  (2)  rate  of  reaction;  (3)  the  dependence  of  the  final 
amount  of  acid  taken  up  upon  the  concentration  used;  and  (4)  absence  of  definite 
combining  proportions. 


be  noticed  that,  while  the  initial  concentration  of  the  acid  in 
the  third  series  is  twice  that  of  the  others,  the  final 
concentrations  are  fairly  comparable  in  all  three  cases, 
which  is  due  to  the  larger  relative  proportion  of  casein  used  in 
the  third  series.  The  mixtures  were  shaken  constantly  for 
the  periods  indicated  and  kept  at  25°. 


4i8 


Van  Slyke  and  Van  Slyke. 


Table  IX. — Showing  Relation  of  Amounts  of  Hydrochloric 
Fixed  by  Casein  to  Concentration  of  Acid,  at    25° 


0  Si2 

00^ 


Series  i 
N/2000 
828  cc.  for 
I  gram  of 
casein. 

Series  2 

N/2000 

400  cc  for 

I  gram  of 

casein. 

Series  3 

N/iooo 

100  cc  for 

I  gram  of 

casein. 


30  mm. 

1  hr. 

2  hrs. 

4  " 
o 

I     " 
'-H     " 

5  " 
7  " 
o 

15  min. 
50      " 
:  )4  hrs. 

3  " 


a  ■ 

0.4985 
0.4597 
0.4550 
0.4507 
0.4476 

0.4985 
0.4156 

o . 4064 
o . 4050 
0.401 I 

0.9970 
0.5556 
0.5333 
0.5181 
o . 5066 


o 
32.1 
36.0 

39-7 
42.1 

o 

33-2 
36.8 
37.4 
39  o 

o 

44  I 
46.4 

47-9 
49  o 


o 

7.8 

8.7 
9.6 

10.2 
o 

16.6 

18.5 

18.8 

19-5 
o 
44-3 
46.5 
48.0 
49.2 


OHO 


O 
69.9 

79  I 

87.8 

94  I 
o 

79.8 

90.6 

92.4 
97.1 

o 

79-4 
87.0 
92.4 
96.8 


Acid 


beg 


The  results  embodied  in  the  preceding  table  are  also  shown 
in  Fig.  III.  in  the  form  of  curves  A  and  B.  It  is  noticeable 
that  the  initial  rate  at  which  acid  is  taken  from  N/iooo  solu- 
tion is  greater  than  from  N/2000,  as  would  be  expected,  but 
the  two  curves  approach  nearly  the  same  asymptote.  The 
points  (x  and  o)  for  the  two  N/2000  solutions  lie  on  the  same 
curve  A. 

Extraction  of  Hydrochloric  Acid  Taken  Up  by  Casein. — ^The 
reaction  by  which  casein  fixes  acid  is  reversible.  By  treating 
with  pure  water  casein  that  has  taken  up  acid,  part  of  the  acid 
passes  from  the  casein  back  into  the  surrounding  water. 

The  method  of  performing  the  experiment  was  as  follows : 
In  weighed  Jena  flasks  were  placed  i-gram  portions  of  casein 
and  100  cc.  portions  of  N/ 500  HCl.  The  mixtures  were  shaken 
continuously  for  thirty  minutes,  in  order  to  allow  the  casein  to 
take   up   acid   under  conditions   not  permitting    appreciable 
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amounts  of  casein  to  go  into  solution.  The  mixtures  were  then 
allowed  to  settle  for  about  five  minutes  and  the  supernatant 
liquid  decanted  as  completely  as  possible  through  weighed 
Oooch  crucibles,  into  which  the  decantation  usually  carried 
10  to  20  mgs.  of  casein.  The  filtrate  (i)  was  kept  for  examina- 
tion. The  crucibles  were  dried  and  weighed  in  order  to  find 
out  how  much  casein  had  escaped  from  the  flask  during  de- 
cantation. The  flasks  with  contents  were  weighed  after  de- 
cantation in  order  to  find  how  much  free  acid  solution  adhered  to 
the  casein  particles  and  the  walls  of  the  flask;  the  amount 
varied  from  2  to  4  cc.  To  the  casein  left  in  each  flask  there 
was  then  added  100  cc.  of  pure  water,  and  the  mixtures  were 
shaken  for  different  periods  of  time,  varying  from  one 
minute  to  five  hours  as  indicated  in  Table  XL,  column  J. 
They  were  then  filtered  again  (Filtrate  2).  The  amount  of 
acid  in  each  filtrate  was  determined  by  conductivity  measure- 
ments. From  the  first  filtrate  were  obtained  the  data  neces- 
sary to  determine  how  much  acid  had  been  taken  up  by  the 
casein  to  form  the  insoluble  acid -casein,  when  shaken  thirty 
minutes  with  acid.  From  the  second  filtrate  were  obtained 
the  data  required  to  determine  the  amount  of  acid  extracted 
from  the  insoluble  acid-casein  by  treatment  with  pure  water  for 
the  different  periods  of  time  given.  The  results  were  corrected 
for  the  amount  of  casein  that  escaped  by  decantation  and  also 
for  the  amount  of  free  acid  that  remained  adhering  to  the 
casein  and  the  flask  at  the  first  filtration.  The  detailed  re- 
sults of  the  work  are  given  below  in  Tables  X.  and  XL 

The  following  statements  summarize  the  results  embodied 
in  Tables  X.   and  XI: 

(i)  When  casein  that  has  taken  up  acid  is  treated  with 
water,  it  begins  to  lose  acid  rapidly  to  the  surrounding  water, 
and  in  one  minute,  under  the  conditions  of  the  experiment, 
nearly  one-half  of  the  acid  contained  in  the  casein  is  extracted. 

(2)  The  acid  continues  to  pass  from  the  casein  into  the  water 
until  a  certain  ratio  is  reached  between  the  concentration 
of  acid  in  the  casein  and  the  concentration  of  acid  in  the  sur- 
rounding water,  when  equilibrium  is  estabUshed.  This  ratio 
is  practically  the  same  as  the  one  found  by  treating  casein 
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with  acid  until  equilibrium  is  established,  the  final  conditions 
of  temperature,  concentration  and  proportions  being  equal. 
Compare  values  of  ratio  in  column  P,  Table  XI.,  with  those 
of   Table    IX.    for   three   or   more    hours. 

(3)  It  makes  no  difference  whether  all  the  acid  is  in  the 
casein  or  in  the  water  at  the  start ;  it  divides  itself  between  the 
two  in  a  ratio  which,  for  constant  conditions,   is  constant. 

(4)  For  illustration  and  comparison,  we  can  use  the  results 
embodied  in  Table  IX.,  Series  3,  in  which  the  final  conditions 
of  temperature,  concentration  and  proportions  are  nearly  the 
same  as  in  the  case  of  the  results  presented  in  Table  XL     In 


both  cases  the  ratio. 


concentration  of  acid  in  casein 


when 


concentration  of  acid  in  water 
reached  under  similar  conditions,  is  practically  the  same 
(about  97)  at  the  time  equilibrium  is  estabUshed.  The  com- 
parison is  quite  strikingly  shown  by  the  curves  of  Fig.  III., 
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Fig.  III. — Showing  relation  (curves  A  and  B)  of  amounts  of  acid  fixed  at  25"  to  the 
concentration  of  acid  in  surrounding  solution.  Curve  C  shows  rate  of  extrac- 
tion of  acid  from  casein  that  had  taken  up  add,  and  attainment  of  practically 
same  eqmlibrium  as  when  casein  takes  acid  from  solution  (curves  A  and  B).  See 
Tables  IX.,  X.  and  XI. 
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B  representing  the  result  of  treating  pure  casein  with  acid 
and  C  representing  the  result  of  treating  with  water  casein 
that   had   taken  up   acid. 

It  will  be  noticed  that  the  ratio  tabulated  in  column  P, 
Table  XL,  reaches  a  minimum  in  one  hour  and  then  gradually 
increases.  This  increase  is  undoubtedly  due  to  the  formation 
of  traces  of  dissolved  casein,  which,  like  acid  globulin  and  al- 
bumin, as  already  mentioned,  is  doubtless  a  relatively  weak 
conductor.  The  fixation  of  a  very  small  amount  of  free  acid 
in  the  form  of  soluble  acid-casein  would  cause  a  noticeable 
decrease  in  the  conductivity  of  a  solution  so  dilute.  In  the 
second  filtrate  of  No.  6,  the  xanthoproteic  reaction  showed 
traces  of  dissolved  proteid. 

Effect  of  Temperature  upon  the  Action  of  Casein  in  Taking 
Up  Hydrochloric  Acid. — The  effect  of  increase  of  temperature 
is  shown  by  a  comparison  of  the  data  contained  in  Tables  XII. 
and  XIII.  following,  with  those  in  Tables  VIII.  and  IX.  The 
time  of  contact  in  the  experiments  was  not  extended  beyond 
six  hours  in  most  cases,  because  the  casein  undergoes  marked 
solution  when  contact  is  prolonged  at  higher  temperatures 
(25°  and  45°)  even  in  the  case  of  very  dilute  acid.  The  agi- 
tation was  performed  by  hand  at  intervals  and  was  as  nearly 
uniform  as  possible  in  all  cases,  except  that  with  N/2000  HCl 
at  25°  the  flasks  were  constantly  in  motion  on  the  shaker. 

The  results  embodied  in  Tables  XII.  and  XIII.,  including 
temperature  results  also  in  Tables  VIII.  and  IX.,  are  expressed 
by  the  curves  of  Figs.  IV.,  V.,  VI.  and  VII.  The  numbers 
above  different  points  in  the  curves,  indicating  the  degree  of 
proteid  solution,  are  explained  on  p.  404  in  connection  with 
Fig.  I.  An  inspection  of  the  tables  and  of  Figs.  IV.-VIT 
enables  us  to  summarize  the  results  as  follows:  (i)  Increase  of 
temperature  increases  the  rate  at  which  equilibrium  is  ap- 
proached. Thus  the  25°  and  45°  curves  rise  more  rapidly  than 
those  for  0°. 

(2)  Increase  of  temperature  increases  the  final  amount  of 
hydrochloric  acid  that  disappears  as  free  acid,  when  there  is 
marked  solution  of  casein  due  to  the  higher  temperature,  as  shown 
by  curves  for  45°  in  Figs.  IV.-VII.  and  for  both  25°  and  45° 
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Table    XII. — Showing    Amounts    of  Hydrochloric  Acid    Taken 
Up  by  Casein  at  25°. 
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/2000       See  Table  IX. 

N/iooo 

0 

0.9766 

0 

0 

0 

15  min. 

0.7330 

48.7 

25.0 

66.5 

0 

200  cc 

45    " 

0.6971 

55-9 

28.7 

80.2 

0 

for  I  gram 

lihrs. 

0.6735 

60.6 

3I-I 

90.0 

0 

of  casein. 

3    " 

0.6594 

63.4 

32.5 

96.0 

0 

6    " 

0.6368 

67.9 

34-8 

106.7 

I 

N/500 

0 

1.984 

0 

0 

0 

15  min. 

I  569 

83.0 

20.9 

52.9 

0 

200  cc 

45    " 

1-332 

130.4 

32.8 

97-8 

0 

for  I  gram 

lihrs. 

1. 281 

140.6 

35-4 

109.7 

I 

of  casein. 

3    " 

1.262 

144.4 

36.4 

114. 4 

I 

6    " 

1.247 

147-4 

37-1 

118. 2 

2 

N/125 

0 

7.907 

0 

0 

0 

5  min. 

4.079 

382.8 

48.4 

93-9 

I 

100  cc 

15    " 

3.901 

400.6 

50.6 

102.7 

2 

for  I  gram 

45     " 

3.661 

424.6 

53-7 

116. 0 

3 

of  casein. 

2  h  hrs. 

3  509 

439-8 

55.6 

125-4 

4 

5    " 

3  305 

460.2 

58.2 

139-3 

5 

in  Fig.  VII.  The  soluble  acid-casein  apparently  contains  a  larger 
proportion  of  hydrochloric  acid  than  the  undissolved  casein, 
which  would  have  the  effect  of  raising  the  curve  when  the  sol- 
uble form  occurs.  Our  observation  has  been  that  solution 
of  casein,  whether  resulting  from  increase  of  temperature, 
concentration  of  acid,  or  length  of  contact  with  acid,  is  accom- 
panied by  fixation  of  more  acid  than  is  taken  up  when  no  solu- 
tion occurs. 

(3)  When  rise  in  temperature  does  not  result  in  solution 
of  proteid,  it  apparently  decreases  the  amount  of  acid  fixed. 
This  may  be  seen  by  comparing  the  value  expressed  in  Fig.  III. 
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Table  XIII. — Showing    Amounts  of    Hydrochloric   Acid  Taken 
Up  by  Casein  at  45°. 
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0 
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0 

0 
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0 

for  I  gram 

I  hr. 

0.4530 

37-1 
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81.9 

0 
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0.44H 

47  0 

II. 4 

106.4 

0 

N/iooo 

0 

0.9928 

0 

0 

0 

200  CC 

15  min. 

0.7782 

42.9 

21.6 

55-2 

I 

for  I 

45    " 

0.6676 

65.0 

32.7 

97-4 

2 

gram  of 

i^hrs. 

0.6087 

76.8 

38.6 

126.2 

3 

casein. 

3    " 

0.5808 

82.4 

41.4 

141-9 

3 

6    " 

f 0.5544 
(0.5526 

(87.7 
188. 0 

J44.I 
(44-2 

(158. I 
U59-3 

3 

3 

N/500 

0 

1.984 

0 

0 

0 

200  CC 

15  min. 

1.408 

II5-2 

(108)' 

29.0 

81.9 

2 

for 

45      " 

1.288 

139.2 

(106) 

35-1 

108. 1 

2 

I  gram 

I  h  hrs. 

1.230 

150.8 

(  76) 

38.0 

122.6 

3 

of 

3     " 

1. 171 

162.6 

(  50) 

41.0 

135-6 

3 

casein. 

6     " 

1. 132 

170.4 

(  20) 

42.9 

154-0 

4 

N/125 

0 

7  905 

0 

0 

0 

100  CC 

5  min. 

3  540 

433-5 

(204)' 

55-2 

123-3 

3 

for  I 

15    " 

3.178 

472.7 

(-12) 

59-8 

148.7 

5 

gram  of 

45    " 

3.080 

482.7 

(—160)61.1 

156.7 

5  + 

casein. 

5  hrs. 

2.704 

520.1 

(-758)65.8 

192.8 

5  + 

(A  and  B),  which  indicates  a  value  of  98  to  100  for  the  ratio 


HCl  in  I  gram  casein 


at  equiUbrium  at  25°,  with  the    results 


HCl  in  I  CC.  water 
in  Table  VIII.,  which  indicate  a  value  of  147  for  the  ratio  at  0°. 
The  same  conclusion  is  shown  by  comparing  the  25°  and  0° 

'  Figures  in  parentheses  give  results  obtained  by  titration  method,  and  illus- 
trate the  effect  of  solution  of  proteid  upon  such  results,  as  already  shown  on  p.  403. 
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-curves  of  Figs.  IV.,  V.  and  VI.,  which  express  results  obtained 
-with  acids  sufficiently  dilute  to  avoid  very  marked  solution  of 
proteid  even  at  25°.  The  25°  curves  rise  more  rapidly  at  first 
thanthosefor  0°,  because  the  higher  temperature  increases  the 
rate  at  which  they  approach  equilibrium.     They  soon  approach 


Hours  Contact »• 

Tfig.  IV. — Showing  effect  of  temperature  on  action  of   N/2000  HCl  on  casein.     Points 
marked  0  signify  no  solution  of  casein  detected. 


a  horizontal  position,  however,  and  after  2|  to  4^  hours  cross 
the  0°  curves,  evidently  inclining  toward  lower  equilibrium 
values.  With  N/125  ^-cid,  however,  the  concentration  is  suf- 
ficient to  dissolve  decided  amounts  of  proteid  within  a  few 
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hours  at  25°.  Consequently,  we  should  expect  the  25°  curve 
as  well  as  that  for  45  °  in  Fig.  VII.  to  be  abnormally  high,  which 
is  the  case. 

It  was  our  purpose  to  study  the  effect  of  temperature  upon 


Hours  Contact — » 

Fig.  V. — Showing   effect  of    temperature  on    action  of   N/1000  HCl  on  casein.     The 
numbers  0,  1,  2,  etc.,  represent  relative  degrees  of  solution  of  casein  (see  p.  404). 


equilibrium  under  conditions  such  that  solution  of  proteid 
would  be  more  completely  avoided  than  in  the  experiments 
given  above,  using  only  the  most  dilute  solutions  and  hastening 
equilibrium  by  constant  agitation  in  order  to  produce  more 
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uniform  conditions,  which  would  appear  in  more  regular  curves. 
The  time  at  our  disposal  for  the  work  on  casein,  however,  did 
not  allow  us  to  carry  out  these  desired  details,  but  the  results 
obtained  appear  to  be  sufficiently  decisive  and  uniform  to  justify 
the  conclusions  drawn. 
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PHP:5CI. — Showing  effect  of  temperature  on  action    of  N/500  HCl    on    casein.     The 
numbers  0,  1,  2,  etc.,  represent  relative  degrees  of  solution  of  casein  (see  p.  404). 


Action  of  Sulphuric  Acid  upon  Casein  without  Solution. 

The  study  with  sulphuric  acid  was  similar  to  that  of  hydro- 
chloric acid,  except  that  the  effect  of  temperature  was  not 
investigated,  while  somewhat  more  attention  was  paid  to  the 
reversible  character  of  the  reaction.     Because  of  the  slighter 
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solvent  action  of  sulphuric  acid,   the  experiments  could  be 
performed  at  room  temperature.     Agitation  of  the  reacting 


//aun  Cottikct^ 


Fig.  VII. — Showing  effect  of  temperature  on  action  of  N/125  HCl  on  casein.     The 
numbers  0.  1,  2,  etc.  represent  relative  degrees  of  solution  of  casein  (see  p.  404). 


mixtures  was  constant  in  all  the  experiments, 
are  given  in  Tables  XIV.,  XV.  and  XVI. 


The  results 


Table  XIV, — Showing  Amounts  of  Sulphuric  Acid  Taken  Up  by 
Casein  from  NI125  Solution  at  25°  {Proportion:  100  cc.  of 
Acid  for  i  Gram  of  Casein). 


Concentration  Concentration 


ofHsS04 

of  H2SO4 

Per  cent 

Ratio  of 

in  water 

in  casein 

0fH2S04 

acid  in  i 

(=  cc.  N/iooo 

(=  cc.  N/1000 

in  original 

gram  of 

Duration 

H2SO4  in 

H2SO4  in 

solution 

casein  to 

Degree  o 
solution 

of  con- 

I cc.  solu- 

I gram 

taken  up 

acid  in  i 

tact. 

tion). 

casein). 

by  casein. 

cc.  water. 

of casein. 

0 

8.000 

0 

0 

0 

5  min. 

3  490 

451    0 

56.4 

129.2 

0 

45      " 

2  .022 

597-8 

74-7 

295.6 

2 

3hrs. 

1. 971 

602.9 

75-4 

305-9 

3 

6     " 

1-958 

604.2 

75-5 

308.4 

4 
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Table  XV. — Showing  Amounts  of  Sulphuric  Acid  Taken  Up  by 
Casein  from  NI500  Solution  at  25°.  {Proportion:  200  cc.  of 
Acid  for  i  Gram  of  Casein). 


Concentration    Concentration 


Duration 
of  con- 
tact. 

of  H2SO4 

in  water 
(=  cc.  N/iocw 
H2SO4  in 
I  cc.  solu- 
tion). 

of  H2SO4 

in  casein 

(=  cc.  N;iooo 

H2SO4  in 

1  gram 

casein). 

Per  cent 

of    H0SO4 

in  original 
solution 
taken  up 

by  casein. 

Ratio  of 
acid  in  i 
gram  of 
casein  to 
acid  in  i 
cc.  water. 

Degree  of 
solution 
of  casein. 

0 

2.015 

0 

0 

0 

15  min. 

0.515 

300.0 

74-4 

582 

0 

45       " 
3  hrs. 
6     " 

0.495 
0.493 
0.489 

304.0 
304.4 
305-2 

75-4 
75-5 
75-7 

614 

618 
624 

I 
I 
2 

12     " 

0.491 

304.8 

75-6 

622 

2 

The  data  in  Tables  XIV.  and  XV.  are  summarized  as  follows : 
(i)  Casein  takes  up  sulphuric  acid  from  dilute  solutions 
more  quickly  than  it  does  hydrochloric  acid,  the  maximum 
amount  of  acid  being  taken  up  in  little  more  than  45  minutes 
(Table  XV.)  when  solution  of  proteid  does  not  set  in. 

(2)  The  amount  of  sulphuric  acid  taken  up  by  casein,  the  pro- 
portion of  acid  and  casein  being  the  same,  is  greater  than  ia  the 
case  of  hydrochloric  acid. 

(3)  The  equilibrium  ratio  is  not  even  approximately  a 
constant  but  increases  rapidly  with  the  dilution  of  the  acid 
employed.  This  behavior  is  in  accord  with  that  usually  ob- 
served in  adsorption 

Extraction  of  Sulphuric  Acid  Taken  Up  by  Casein. — The  work 
was  carried  out  in  detail  in  the  manner  described  on  p.  418. 
The  essential  results,  properly  corrected,  are  given  without  the 
details    of    correction    in    the    table    following: 

Table  XV I. — Showing  Amounts  of  Acid  Extracted  from  Casein 
by  Water. 


Duration  of    Cc.  N/iooo    Cc.  N/iooo 
contact  be-      H2SO4  in     H2SO4  ex- 
No  of  tween  acid-  acid-casein     tracted 
experi-  casein  and     before  ex-    from  acid 


ment. 

I 

2 

3 
4 
5 


water. 
O 

I  min. 

15      " 
I  hr. 
2i  hrs. 
5      " 


traction. 
301.4 
301.4 
301.2 
301.0 
301.2 
299.6 


casein. 

O 
32.9 

35 


Cc.  N/iooo 
H2SO4 
left  in 
casein. 

301.4 
268.5 
266.2 
263.9 
262.5 
262.2 


Concentra- 
tion of 
H2SO4  in 
water. 

(0.0175) 
0.3291 
0.3489 
0.3747 
0.3775 
0.3704 


Ratio  of  acid 
in  I  gram 
casein  to 

acid  in  i  cc. 
water. 

17,220 
816 
764 
704 
695 
708 
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id  from  the  high  va 
(Table  XV.),  the  results  indicate  that 


As  would  be  expected  from  the  high  value  of  the  ratio, 
conc'n  H2SO4  in  casein 


conc'n  H2SO4  in  water 
sulphuric  acid  is  not  so  completely  extracted  from  casein  by 
water  as  is  hydrochloric  acid.  About  80  per  cent  of  the  acid 
that  can  be  extracted,  however,  by  one  portion  of  water  is  ex- 
tracted in  one  minute.  After  5  hours  of  constant  agitation 
with  the  same  portion  of  water,  only  about  12  per  cent  of  the 
acid  that  had  been  taken  up  by  the  casein  was  removed,  and 
I  gram  of  casein  then  contained  about  700  times  as  much  acid 
as  did  each  cubic  centimeter  of  the  surrounding  solution. 

The  tenacity  with  which  sulphuric  acid  is  held  by  casein  is 
interesting  as  explaining  the  difficulty  which  Hammarsten^ 
found  in  trying  to  remove  sulphuric  acid  from  casein  by  rub- 
bing in  a  mortar  with  successive  portions  of  water.  Van  Slyke 
and  Hart-  found  that  it  required  85  or  90  triturations  with 
successive  portions  of  fresh  water  to  remove  completely  the 
sulphuric  acid  from  casein.  It  also  appears  from  the  readi- 
ness with  which  a  given  amount  of  water  extracts  the  max- 
imum amount  of  acid  by  simply  shaking  with  the  acid-casein, 
that  a  few  minutes  of  agitation  with  each  of  a  number  of  succes- 
sive portions  of  pure  water  should  remove  the  acid  as  well  as 
trituration. 

From  the  varying  levels  approached  by  the  curves  of  Fig.  VIII 

,,,..,  .,.,    .  , .      acid  in  i  gram  casein, 

it  IS  apparent  that  the  equilibnum  ratio,  ^^r-. — ■ — 

acid  m  I  cc.  water 

is,  as  already  mentioned  above,  not  a  constant  even  within  the 

limits  of  concentration  tested,  but  increases  with  the  dilution. 

In  order  to  follow  the  variation  of  the   ratio,  the  following 

experiments  were  performed :  0.4795  gram  of  casein  was  shaken 

for  two   and   one-half   hours  with    100  cc.   of   N/250   HjSO^. 

As  indicated  by  Table  XV.  and  the  curves,  this  time  is  sufficient 

for  equilibrium  to  become  practically  complete  and  not  long 

enough    to    result    in    appreciable    solution    of    proteid.     The 

suspension  was  allowed  to  settle  until  the  supernatant  solution 

was  perfectly  clear,  then  50  cc.  of  the  latter  drawn  off  with  a 

»  Maly:  Jahres  d.  Thierchem.,  7,  160  (1877). 
«  This  Journal,  33,  469  (1905). 
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pipette  and  replaced  by  an  equal  volume  of  conductivity  water. 
The  mixture  was  then  shaken  two  hours  and  50  cc.  of  the  solu- 
tion again  replaced  by  conductivity  water;  and  this  process 
was  repeated  twice  more.  The  50  cc.  portions  drawn  off 
were  first  tested  for  conductivity,  then  titrated  with  N/ioo 
KOH.  In  no  case  was  any  precipitate  noticed  on  titrating,  and 
the  titration  results,  considering  the  dilution  of  the  solution, 


hoarsConfact- 


I'ig.  VIII. — Upper  curve  (B)  represents  action  of  water  in  extracting  sulphuric  acid 
from  casein  that  had  taken  up  the  acid  (Table  XVI).  The  two  lower  curves 
represent  action  of  casein  in  taking  up  acid  from  N/500  and  N/12S  solutions  of 
sulphuric  acid  (Tables  XIV.,  and  XV.). 


agree  throughout  satisfactorily  with  those  obtained  by  conduc- 
tivity. Evidently  no  appreciable  solution  of  proteid  occurred. 
It  is  evident  that  the  value  of  the  ratio  varies  inversely  as 
the  concentration  of  the  acid ;  it  increases  with  dilution.  This 
increase  is  similar  to  that  observed  in  most  cases  of  adsorption 
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phenomena  and,  moreover,  occurs  in  accordance  with  the  ex- 


ponential formula, 


c/ 


found  empirically  to  hold  in  a 


large  proportion  of  adsorptions,^  in  which  /?  =  a  constant; 
c^  =  amount  of  solute  adsorbed  per  unit  mass  of  adsorbent  = 
concentration  of  sulphuric  acid  in  casein;  c^  =  concentration 
of  solute  in  solution  in  contact  with  adsorbent  =  concentration 
of  sulphuric  acid  in  water;  p,  the  exponent  of  c,  is  a  constant 
dependent  like  /3  upon  the  substances  and  conditions;  p=  1.95 


Mjurs  Contt*t  — * 

"Biz-  IX. — Showing  (1),  amoitnts  of  lactic  acid  taken  up  at  0°  by  casein  from  solutions  of 
different  concentrations,  and  (2)  rate  of  reaction. 


in  present  case.  In  the  following  table  are  arranged  all  the 
equilibrium  results  recorded  in  the  foregoing  tables.  They 
show  the  regular  increase  of  the  ratio  with  the  dilution  of  sul- 
phuric acid,  and  the  approximate  constancy  of  /?  independent 
of  the  manner  in  which  equilibrium   was  obtained. 

1  Schmidt:  Z.physik.  Chem.,  16,  56  (1894).  Walker  and  Appleyard:  J.  Chem.  Soc, 
99,  1334  (1896).  Freundlich:  Z.  physik.  Chem.,  67,  385  (1906). 


434  Van  Slyke  and  Van  Slyke. 


t3 


1 


^                                             -mnia  ^   '^  t  9  9   9   9 

^  -qiimba    jb    ppB  jo  (axu'n   q  vO  ro  >0  On  fO  ro 

•§  M  M   n   ^. 

;^                                   -ns^iB^  SJB  ^  ►>  .  ,  -    r^  > 

^  sjinsai  qDjqM  raoaj  saiqBX  k>  k^  "  "  "     ^  ^ 


cd 

«  ^ 

^^3 

o  a 

o  c 

O    fl 

•^  rt 

•^    OS 

•;3   rt 

OJ 

.    .^  c 

^  c 

^   C 

o3 

asein 
asein 
of  so 
■casei 

^•^ 

1-s 

c  ^ 

o? 

'S? 

^  ^ii^"^ 

tajd 

^'S 

o3    o 

S3tI3 

■^1 

acid 

acid 

wat< 

t  wit 

t'l 

lO  o  ^   o 

rG      CJ 

^  o 

o  51 

cs    vo-H    03 

+2      03 

+2    03 

o  V 

N/i 

N/2 

g  wi 
cont 

C  be  8 

bit 

tl 

g  Z    03 

^^•§.s 

M 

M 

^ 

be  be 

03 

rt 

03 

C    C 

■-g^U- 

-S 

u- 

-S 

^- 

-s 

:3l 

o3    OS 

,13    rC      <=i 

OJ 

<u 

^    rC 

c)5^P^ 

p^ 

Ph 

COCO 

Action  of  Dilute  Acids  upon  Casein.  435 

Action  of  Lactic  Acid  upon  Casein  without  Solution. 

.  The  work  with  lactic  acid  covers  the  concentrations,  N/125, 
N/500,  andN/iooo.  We  used  100  cc.  of  each  solution  for  i  gram  of 
casein.  The  method  of  experiment  is  that  described  on  pp. 
389-393.     The  results  of  the  work  are  presented  in  Table  XIX. 


Table    XIX. — Showing    Amounts    of    Lactic   Acid   Taken    Up 
by  Casein  at  0°. 
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The  results  embodied  in  the  table  preceding  may  be  sum- 
marized as  follows: 

(i)  The  amount  of  lactic  acid  taken  up  by  casein  varies 
with  the  time  of  contact  and  the  concentration  of  the  acid 
in  which  the  action  takes  place. 

(2)  The  amount  of  lactic  acid  taken  up  at  equilibrium  by  i 
gram  of  casein  varies  nearly  in  proportion  to  the  final  concen- 
tration of  the  free  acid  surrounding  the  casein,  as  we  have 
found  to  be  true  in  case  of  hydrochloric  acid.  The  amount  of 
lactic  acid  taken  up  under  similar  conditions  by  i  gram  of 
casein  is  less  than  in  the  case  of  hydrochloric  acid. 

(3)  In  the  case  of  lactic  acid,  the  ratio  obtained  by  dividing 
the  amount  of  acid  in  i  gram  of  casein  by  the  amount  of  acid 
in  I  cc.  of  the  surrounding  solution  varies  from  75.7  to  83  within 
the  concentration  tested  when  equilibrium  is  approached, 
which  occurs  at  0°  in  24  hours,  while  in  the  case  of  hydrochloric 
acid  the  ratio  is  about  147. 

Action  of  Acetic  Acid  upon  Casein  without  Solution. 

The  work  with  acetic  acid  includes  experiments  at  0°  with 
N/50oand  N/iooo  solutions  and  at  25°  with  N/125  acid.  The 
results  are  tabulated  below  (p.  437). 

Briefly  summarized,  the  results  embodied  in  the  following 
table  indicate  that : 

(i)  The  action  of  acetic  acid  with  casein  is  in  a  general  way 
similar  to  that  of  the  other  acids  previously  considered. 

(2)  Acetic  acid  is  taken  up  by  casein  in  considerably  smaller 
amounts  than  are  the  other  acids,  conditions  being  uniform. 

(3)  A  comparison  of  the  action  of  casein  with  the  acids 
studied  is  graphically  shown  in  Fig.  X.  The  curves  represent 
results  obtained  with  N/500  solution  in  each  case  at  0°. 

N on- Action  of  Casein  on  Dilute  Solutions  of  Neutral  Salts. 

In  order  to  determine  the  effect  of  displacing  the  H+  ion  from 
solution,  half-gram  samples  of  casein  were  agitated  with  50  cc. 
portions  of  the  pure  N/ 50  KCl  used  for  standardizing  the  con- 
ductivity cells,  the  duration  of  shaking  varying  from  5  minutes 
to  28  hours.     In  no  case  was  change  in  conductivity  observed. 
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Table  XX.     Showing  Amounts  of  Acetic  Acid  Taken  Up  by 
Casein. 
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In  the  case  of  N/ 125  MgS04  similarly  treated,  the  conductivity- 
decreased  only  a  few  tenths  of  one  per  cent.  From  these  ex- 
periments, it  is  apparent  that  the  H+  ion  is  the  factor  in  solution 
on  which  depends  the  fixation  of  the  large  amounts  of  electrolyte 
previously  determined  in  the  experiments  with  the  mineral 
acids. 


DISCUSSION  OF  RESULTS. 

In  the  preceding  pages,  it  has  been  shown  (i)  that  when 
casein  and  a  dilute  acid  are  shaken  together,  the  final  amount 
of  acid  taken  up  by  a  gram  of  casein  without  solution  of  the 
proteid  is  not  constant  but  varies  continuously  with  the  con- 
centration of  the  surrounding  acid  solution;  (2)  that,  however 
small  the  amount  of  acid  used,  it  is  never  completely  taken  up; 
(3)  that  the  amount  of  acid  taken  up  varies  also  with  the  tempera- 

1  Evidently  contamination  of  filtrate  caused  abnormally  high  results.  Low  con- 
ductivity of  acetic  acid  renders  dilute  solutions  very  susceptible  to  change  in  con- 
ductivity by  slight  contamination. 
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ture;  and  (4)  that  the  acid  passes  as  readily  from  the  casein 
into  the  surrounding  solution  as  from  the  solution  into  the 
casein,  moving  either  way  according  to  the  change  required 
to  establish  the  equilibrium  ratio, 

concentration  of  acid  in  casein 


concentration  of  acid  in  water  ' 
as  shown  in  the  cases  of  hydrochloric  and  sulphuric  acids. 
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Fig.  X. — Showing  comparison  of  different  acids  of  N/500  concentration  in  respect  to 
their  action  in  being  taken  up  by  casein  at  0°. 

is  evident  that  no  acid-casein  compound  of  constant  composi- 
tion is  formed.  Three  different  explanations  may  be  offered 
to  account  for  the  facts  observed : 

(i)  The  insoluble  acid-casein  may  be  regarded  as  a  hydro- 
lyzible  salt,  its  varying  composition  being  due  to  hydrolysis, 
which  varies  with  the  temperature  and  concentration  of  the 
acid. 
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(2)  Applying  Witte's  explanation  of  the  fixing  by  fibers 
of  substantive  dyes,  the  reaction  might  be  one  of  solution,  the 
acid  dividing  itself  between  casein  and  water  as  resorcinol 
divides  itself  between  ether  and  water,  according  to  its  solubility 
in  each. 

(3)  The  reaction  may  be  regarded  as  one  of  adsorption, 
the  insoluble  acid-casein  being  what  van  Bemmelen  calls  an 
adsorption  compound. 

We  will  consider  each  of  these  three  hypotheses  in  their 
relation  to  the  facts  that  have  been  established. 

I.  Is  the  Acid-Casein  Solid  a  Hydrolyzible  Salt? 

In  case  the  insoluble  acid-casein  were  a  hydrolyzible  salt  of 
an  acid,  as  hydrochloric  acid,  casein  acting  as  a  weak  base,  we 
should  observe  the  same  qualitative  characteristics  as  those 
noted,  viz.,  the  dependence  of  the  amount  of  acid  taken  up  by 
casein  upon  the  concentration  used  and  upon  the  temperature, 
and  a  loss  of  acid  by  the  insoluble  acid-casein  when  shaken  with 
pure  water.  We  should,  however,  expect  somewhat  more  HCl 
than  H2SO4  reckoned  in  equivalents,  to  be  taken  from  solutions 
of  equal  concentration,  since  HCl  is  somewhat  the  stronger  acid. 
Instead,  the  amount  of  HjSO^  taken  up  is  much  the  greater. 
Furthermore,  according  to  the  law  of  mass  action  and  the  be- 
havior of  chemical  reactions  of  this  class,  equilibrium  would 
always  be  reached  when  the  concentration  of  the  free  acid  had 
been  reduced  to  a  certain  constant  value,  the  amount  of  acid 
held  by  casein  being  no  factor  in  the  equilibrium  so  long  as 
all  the  basic  valences  of  the  latter  were  not  neutralized.  Ac- 
cording to  the  law  of  mass  action,  if  we  regard  the  insoluble 
acid-casein  as  a  salt  of  an  acid,  say  hydrochloric  acid  for  ex- 
ample, hydrolyzing  in  accordance  with  the  hypothetical  equa- 
tion, 

Casein  Cly   +  yH,0    Zl     Casein  {OH)y -^  yHCl, 
(Acid-casein.)  (Free  casein.) 

equilibrium  must  be  reached  when 


C-HCl    X    C^^g^rtw  {OH)y 
^HiO    X    Waj<rfM  ay 


K, 
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in  which  C^^-^  =  concentration  of  HCl;  C^^^^^^^^q^^  =  con- 
centration of  free  casein,  etc.;  y  =  basic  valence  of  casein; 
K^  =  a  constant  dependent  on  temperature.  The  hydro- 
chloric acid  is  the  only  reagent  of  variable  concentration. 
Consequently,^  the  equation  simplifies  to 


The  accuracy  of  this  form  of  equation  for  reactions  involving 
only  one  substance  of  variable  concentration  has  been  repeatedly 
proved  by  well-known  reactions.  In  the  decomposition  of 
CaCOg  by  heat,  C^^^^  =  K^.  In  the  reaction  by  which  ammonia 
and.CaClz  combine,  the  pressure  (concentration)  of  ammonia 
at  equilibrium  depends  only  on  the  temperature.  The  same 
is  true  of  the  reaction  between  PbO  and  NH^Cl,  in  which  am- 
monia is   formed.^ 

As  examples  in  which  the  reaction  is  hydrolysis  and  there- 
fore especially  comparable  with  the  hypothetical  hydrolysis  of 
insoluble  acid-casein,  the  hydrolysis  of  mercurous  sulphate 
and  of  the  picrate  of  diphenylamine  may  be  noted.  The 
first  reaction  was  studied  by  Gouy^  and  by  Hulett.  *  It  occurs 
in  accordance  with  the  equation: 

3Hg,S0,  +  2H,0     r     [Hg(OH)],(Hg,SO,)  +  2HgHS0,. 

The  HgHS04  is  relatively  the  only  soluble  substance  and  con- 
sequently the  only  one  of  varying  concentration.  Equilibrium 
is  reached  when  C^^^5^,^  =  constant,  this  constant  concentration 
at  25°  being  0.00225  molecular  weights  in  grams  per  liter. 
When  HgjSO^,  or  a  mixture  of  it  with  the  basic  salt,  was  shaken 
with  water,  hydrolysis  always  proceeded  until  the  concentration 
of  the  HgHS04  reached  this  value,  and  no  further  hydrolysis 
occurred  unless  the  mixture  of  salts  was  treated  with  fresh 
water,  when  the  process  again  went  to  the  same  limit,  and  it 
could  be  repeated  until  all  the  Hg2S04  was  changed.  Hulett 
treated  a  portion  of  HgjSO^  thus  with  forty-three   successive 

»  "  Only  gaseous   and   dissolved   substances   have  varying  concentrations."    Ost- 
wald:    "  Principles  of  Inorganic  Chemistry,"  translation  by  Findlay,  p.  327  (1902). 
2  Isambert:  Compt.  rend.,  102,  1313  (1886). 
»  Compt.  rend.,  130,  1399  (1900). 
*  Z.  physik.  Chera.,  49,  491  (1904). 
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portions  of  water  and  found  at  the  end  of  each  treatment  (of  12 
hours)  the  same  concentration  of  HgHS04  in  solution.  The  forty- 
third  treatment  exhausted  the  HgjSO^,  and  further  treatment 
had  no  effect  except  to  dissolve  traces  of  the  basic  salt. 

The  picrate  of  diphenylamine,  like  all  salts  of  this  base/ 
is  hydrolyzed  by  contact  with  water,  with  formation  of  picric 
acid  and  diphenylamine.  Both  diphenylamine  and  its  picrate 
are,  like  casein  and  acid-casein,  practically  insoluble.  The 
picric  acid  is,  therefore,  the  only  reagent  of  variable  concentra- 
tion. Walker^  found  that  picric  acid  (saturated  solution) 
placed  in  contact  with  varying  excess  portions  of  diphenylamine 
always  combined  with  it  until  the  concentration  of  the  acid  was 
reduced  to  13.8  mg.  per  cubic  centimeter.  If  picric  acid  of  less 
concentration  than  13.8  mg.  per  cubic  centimeter  was  placed 
in  contact  with  diphenylamine  no  combination  occurred.     ":TVJ 

From  the  preceding  discussion  of  adsorption  reactions;  and 
of  hydrolysis  in  which,  of  the  reacting  substances,  only  the  acid 
has  variable  concentration  (that  is,  is  soluble),  it  is  evident  that 
the  nature  of  such  a  reaction  is  represented  by  the  curves  of 
Fig.  XI. 


DuratioVi    o|  Tie  action  — 
Fig.  XI. 


(1902). 


Meyer  und  Jacobson:  "Lehrbuch   der  Organischen  Chemie,"  Vol.  II.    [l],  p.    177 


J.  Chem.  Soc,  69,  1341  (1896). 
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The  four  curves  in  this  diagram  represent  the  theoretical 
effect  of  contact  with  an  excess  of  insoluble  base  upon 
portions  of  acid  of  varying  concentration,  the  conditions, 
other  than  concentration  of  acid,  being  the  same  for  the  four 
cases   represented   in   each   figure. 

The  diagrammatic  curves  of  Fig.  XL  signify  that: 
(i)  When  an  insoluble  base,  forming  an  insoluble  hydrolyz- 
ible  salt,  is  treated  with  acid  of  the  equilibrium  concentration 
(curve  3),  as,  for  example,  13.8  mg.  per  cubic  centimeter  in 
the  case  of  picric  acid  and  diphenylamine,  none  of  the  acid  is 
combined,  so  that  its  concentration  remains  constant. 

(2)  Likewise,  when  the  initial  concentration  is  less  than  that 
required  for  equilibrium,  none  is  combined  (curve  4). 

(3)  When  the  initial  concentration  is  greater  than  that  re- 
quired for  equilibrium  (curves  i  and  2),  acid  is  combined  until 
the  concentration  of  free  acid  is  reduced  to  the  equilibrium 
value,  which  is  the  same,  whatever  the  initial  concentration  of 
the    acid. 

The  curves  of  Fig.  XI L  express  results  obtained  with  four 
initial  concentrations  of  hydrochloric  acid,  as  given  on  p.  415 
in  Table  VIII. ,  column  3.  Similar  curves  are  obtained  by  plot- 
ting the  results  tabulated  for  the  other  acids.  The  forms  of 
the  curves  (compare  with  Fig.  XL)  show  clearly  that  the 
reaction  does  not  fulfil  the  requirements  characteristic  of  the 
formation  of  a  hydrolyzible  salt,  but,  as  will  be  shown  later, 
possesses  the  characteristics  of  an  adsorption.  The  final  con- 
centration is  not  a  constant,  but  varies  with  the  initial  concen- 
tration in  all  cases  (note  different  levels  approached  by  curves 
of  Fig.  XII.),  and  the  initial  concentration,  however  small, 
is  always  reduced  by  contact  with  casein. 

2.  Is  the  Reaction  a  Case  of  Solution  of  Acid  in  Casein? 

Most  of  the  qualitative  characteristics  of  the  reaction,  such  as 
the  lack  of  definite  chemical  combining  proportions  and  the  ability 
of  the  acid  to  divide  itself  according  to  a  definite  ratio  between 
casein  and  water,  are  characteristics  of  the  partition  of  a  solute 
between  two  solvents  as  well  as  of  adsorption.     The  behavior 
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of  the  ratio  -^  in  the  case  in  question,  particularly  when  sul- 

phuric  acid  is  considered,  does  not,  however,  correspond  to  the 
conditions  of  distribution  in  such  cases. 


afa 


I^ig.  XII. — Showing  decrease    of  concentration   of   free   hydrochloric    acid    resulting 
from  action  of  casein  in  taking  up  acid  (Table  VIII..  column  3). 


To  quote  Walker  in  regard  to  the  law  of  distribution:*  "If 
the  molecular  weight  of  the  substance  in  one  solvent  is  n 
times  as  great  as  its  molecular  weight  in  the  other  solvent, 
then,  when  equilibrium  is  attained,  the  wth  root  of  the  con- 
centration in  the  first  solvent  will  bear  a  constant  ratio  to  the 
concentration  in  the  second  solvent."  According  to  this,  the 
molecular  weight  of  hydrochloric  acid  would  have  to  be  regarded 

1  J.  Chem.  Soc,  69,  1335  (1896). 
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as  the  same  in  water  that  it  is  in  its  hypothetical  solution  in 

J      ...  .,         , .     concentration  of  acid  in  casein 

casern,  in  order  that  the  ratio, -. -^ — — -, , 

concentration  of  acid  in  water 

should  be  constant.  As  is  shown,  however,  by  the  freezing  point, 
osmotic  pressure  and  electrical  conductivity  of  hydrochloric 
acid  solutions,  the  hydrochloric  acid  molecule  is  almost  com- 
pletely dissociated  in  water  at  the  concentrations  employed. 
An  equal  degree  of  dissociation  is  required  by  the  laws  of  solu- 
tion for  the  hydrochloric  acid  in  the  casein,  where  it  is  from 
ICO  to  150  times  as  concentrated  as  in  the  water.  This  would 
require  us  to  regard  casein  as  a  solvent  having  a  remarkable 
dissociating  efifect  far  surpassing  that  of  water,  which  is  very 
improbable.     In  the  case  of  the  reaction  with  sulphuric  acid 

in  which  the  ratio  -^  decreases  as  concentration   of   acid  in 

water  increases,  the  laws  of  solution  require  a  much  smaller 
molecular  weight  for  the  sulphuric  acid  in  casein  than  that 
of  sulphuric  acid  in  water  solution,  which  is  clearly  an  impos- 
sibility. From  the  foregoing  considerations,  it  is  evident  that 
the  hypothesis  of  a  solution  does  not  apply  to  the  action  under 
consideration. 

3.  Is  the  Reaction  One  of  Adsorption? 

By  adsorption  is  meant  the  process  whereby  a  soUd  sub- 
stance, A,  in  contact  with  a  solution  of  a  dissolved  substance, 
B,  concentrates  B  upon  its  surface  or  within  the  meshes  of  its 
physical  structure,  withdrawing  a  portion  of  B  from  solution, 
without  forming  a  definite  chemical  compound  with  it.  In 
regard  to  the  characteristics  of  adsorption  reactions,  we  quote 
the  five  criteria  given  by  van  Bemmelen  for  reactions  of  this 
class.  ^ 

"(i)  The  adsorbed  amounts  stand  in  no  equivalent  pro- 
portions  to   the   adsorbing   mass. 

"(2)  The  composition  varies  with  the  structure  of  the  ad- 
sorbing substance  and  with  all  modifications  which  the  latter 
undergoes  by  reason  of  its  method  of  preparation,  age,  heat  or 
action  of  other  substances. 

1  Z.  anorg.  Chem.,  36,  381  (1903). 
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"(3)  The    composition    varies    with    the    temperature. 

"(4)  I/ikewise  with  the  concentration  of  the  solution,  in 
case  substances  are  adsorbed  from  their  solutions;  and  the 
composition  varies  in  such  manner  that  the  adsorption   factor 

A  in  the  formula  —  :=  F(ife)  is  not  constant,  but  is  dependent 

upon  the  concentration  of  the  solution  according  to  a  function  that 
we  do  not  understand.     In  general,  however,  c^  increases  more 

slowly    than   Cg"  (^-  decreases    as   concentration   increases). 
C2 

c^  =  amount  of  solute  adsorbed  per  unit  mass  of  adsorbent. 

C2  =  concentration  of  solute  in  solution. 

F  =  unknown  function. 

In  another  article,^  however,  van  Bemmelen  says:     "When 

the  adsorptive  power  is  small  and  the  solution  not  concentrated, 

then,    between   certain    limits   of  concentration,  ^  is  nearly 

constant." 

In  regard  to  the  variation  of  — i,  while,  as  van  Bemmelen 

states,  an  entirely  general  and  accurate  formula  is  unknown, 
the  relation  in  a  large  proportion  of  adsorptions  can  be  expressed 

with  a  fair  degree  of  approximation  by  the  equation,  /?=_?_, 

C2 
/?  and  p  being  constants  dependent  in  value  upon  the  active 
substances  and  the  conditions.^  The  formula  has  been  found 
to  hold  by  Freundlich,  Walter  and  Appleyard,  and  Schmidt.^ 
In  the  experiments  of  Schmidt,  p  was  found  to  vary  from  2  to  10, 
while  in  those  of  Freundlich'  p  did  not  vary  greatly  from  2 
in  most  cases.     When  p  becomes  unity,  the  formula  applies 

to  the  case  in  which  -^  =  constant. 

(5)  "The  velocity  with  which  the  formation  of  an  adsorption 
compound  occurs  decreases  continually  as  more  substance  is 
adsorbed   and   the   adsorption   approaches   equilibrium."     In 

1  Z.  physik.  Chem.,  18,  33  (1895), 

*  Loc.  cil. 

3  Loc.  cit.,  p.  396. 
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another  article  van  Bemmelen*  says:     "The  adsorption  begins 
with  great  speed  and  decreases  continually  as  more  substance 
is  adsorbed  when  equilibrium  is  approached.     With  constant 
shaking,  the  latter  is  usually  reached  in  one  to  three  hours." 
To  the  above  we  may  add  the  two  points  following: 

(6)  The  reaction  approaches  a  true  equilibrium,  which  can 
be  approached  from  either  side,  as  stated  by  Ostwald^  and 
as  shown  by  the  work  of  Freundlich^  and  also  by  "Walker  and 
Appleyard. 

(7)  Ostwald^  expresses  graphically  as  follows  the  character- 
istic relation  between  the  concentration  of  the  solution  and 
amount  of  solute  adsorbed.  Using  rectangular  co-ordinates, 
if  one  plots  dilution  of  the  solution  as  ordinates  and  amounts 
of  solute  adsorbed  as  abscissae,  the  resulting  curve  will  be  nearly 
a  hyperbola. 

Of  the  above,  the  first  and  most  important  point  corresponds 
entirely  with  the  facts  observed  in  the  reaction  between  casein 
and    acids.     There    are    no    definite    combining    proportions. 

None  of  our  data  bears  upon  the  second  point,  since  the  casein 
was  all  prepared  and  kept  by  one  uniform  method. 

The  third  statement  is  in  harmony  with  our  results.  In 
the  cases  tested,  temperature  was  found  to  have  a  considerable 
influence  upon  the  amount  of  acid  fixed. 

Regarding  the  fourth  point,  it  was  found  that  in  all  cases 

the   fundamental   principle  was   complied    with,    that   is,  the 

amounts  of  acid  taken  up  per  gram  of  casein  at  equilibrium 

depend    upon    the    final    concentrations    of     the    solutions. 

In     the     cases    of     hydrochloric,    lactic    and     acetic    acids, 

c,         /concentration  of  acid  in  casein\  .  ,  ^     ^  A,^,  . 

^  =  I . ^ — ^v^ I  IS  nearly  constant.  This, 

C2        Vconcentration  of  acid  in  water/ 

according  to  van  Bemmelen,  may  occur  when  solutions  are  dilute 

and    adsorptive   power   weak.     While   the   adsorptive   power, 

particularly  in  the  case  of  hydrochloric  acid,  is  not  weak,  the 

solutions  were  very  dilute.     In  the  case  of  sulphuric  acid,  where 

1  Z.  anorg.  Chem.,  23,  345  (1900). 

2  Lehrb.  d.  Allg.  Chem.,  2(1  aufl.,  1,  1093. 

3  Loc.  clt.,  p.  389. 
*  Loc.  cit. 
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adsorption  is  much  stronger,  the  ratio  -^  increases  with  the 

dilution  in  accordance  with  the  exponential  formula  /?  =  — -  , 

^2 
which  has  been  found  to  hold  in  a  large  proportion  of  adsorp- 
tions, p  being  1.95  in  this  case  (p.  433).     If />  be  taken  nearly- 
equal  to  unity,  the  same  formula  holds  for  the  other  acids. 

In  velocity,  the  reaction,  agreeing  with  van  Bemmelen's 
fifth  criterion,  begins  with  great  speed  and  becomes  slow  as 
equilibrium  is  approached.  Particularly  when  the  mixtures 
of  casein  and  acid  are  subjected  to  constant  agitation  so  that 
the  casein  does  not  have  to  wait  for  acid  to  reach  it  by  diffusion, 
the  initial  velocity  was  enormous,  the  curves  being  nearly 
parallel  to  the  ordinate  axis  for  some  distance.  Negative 
acceleration  is,  of  course,  observed  in  reactions  in  general  as 
they  approach  equilibrium,  so  that  no  great  force  is  to  be  at- 
tributed to  this  characteristic  for  the  purpose  of  classifying  the 
reaction,  although  the  enormous  initial  velocity  is  not  usually 
observed  in  intermolecular  reactions  requiring  considerable 
time  for  completion.  The  great  velocity  with  which  acid  is 
extracted  by  water  from  the  insoluble  acid-casein  furnishes 
a  marked  contrast  to  the  stability  of  the  precipitated  acid 
albumin  of  von  Rohrer,  an  apparently  true  chemical  compound, 
which  could  be  washed  with  water  without  changing  materially 
its  acid  constant. 

The  fact  that  the  equilibrium  can  be  approached  from  both 
sides  has  been  shown  in  the  cases  of  both  hydrochloric  and 
sulphuric  acids. 

Finally,  the  fact  that  the  characteristics  of  the  reaction  in- 
dicate adsorption  rather  than  the  formation  of  an  insoluble 
salt,  is  brought  out  with  striking  clearness  by  the  application 
of  Ostwald's  graphic  criterion  for  adsorption.  According  to 
this,  if,  using  equilibrium  data,  dilutions  of  the  solution  are 
plotted  as  ordinates  and  amounts  of  solutes  adsorbed  as  abscissae, 
the  characteristic  curve  for  adsorption  is  similar  to  a  hyperbola. 
In  the  case  of  formation  of  a  hydrolyzible  salt  of  the  kind  in  ques- 
tion, the  curve  would  be  very  different.  For  the  combination 
of  any  acid  at  all,  the  dilution  could  not  exceed   that   corre- 
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spending  to  the  concentration  constant.  Nor,  until  the  base  is 
completely  neutralized,  can  acid  in  contact  with  it  at  equilib- 
rium be  of  less  dilution  than  the  constant,  since  the  acid  will 
continue  to  combine  until  that  dilution  is  reached.  Consequently, ! 
as  more  acid  is  added  to  a  solution  in  contact  with  the  base,  J 
the  latter  takes  it  up,  keeping  the  dilution  constant  until  the 
basic  valences  are  all  saturated,  the  curve  expressing  these 
conditions  being  a  horizontal  line.  Further  addition  of  acid 
simply  decreases  the  dilution,  since  further  combination  is 
impossible  and  the  curve  drops  perpendicularly.  The  two 
types  of  curves  are  illustrated  in  Fig.  XIII.     Curves  i  and  2 


^m'l  /^cid  Fixed  yjtv  3.  o|  tSclid — *" 

Fig.  XIII. — Typical  curves  contrasting  relations  in  adsorption  with  those  in    forma- 
tion of  an  insoluble  hydrolyzible  salt  from  an  insoluble  base.     The  adsorption- 

curves  are  plotted  in  accordance  with  the  exponential  formula  /3=  q^-     Arrows 
above  curves  indicate  direction  of  change  caused  by  addition  of  acid. 


cP 
represent     adsorption,      following    the     equation,      /?  =  — i-, 

in  which  p  has  the  values  of  i  and  2  respectively.  In  the 
former  case,  the  curve  is  a  true  hyperbola;  in  the  latter,  it  rep- 
resents the  average  relations  observed  by  Freundlich  in  ad- 
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sorption  by  charcoal.  The  rectilinear  curve  3  represents  the 
conditions  in  the  formation  of  a  solid  salt,  as  described  above. 
In  Fig.  XIV.  the  results  experimentally  obtained  with  the  vari- 
ous acids  are  grap*hically  represented.  Comparison  with  Fig. 
XIII.   shows  that  the   reactions  represented  are  adsorptions. 


ifli    SB    1^  itO  iM 

ccisfe  Acid  Fwed  bi|  Ignom  Casein.  . 
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F.g.  XIV. — Curves  express  relation  at  equilibrium  between  dilution  of  various  acids  and 
amounts  fixed  by  1  gram  of  casein.  Comparison  with  Fig.  XIV.  shows  that  the 
curves  are  characteristic  of  adsorption.  Comparison  of  the  curves  with  each  other 
at  the  same  dilution  shows  the  relative  amounts  of  the  different  acids  adsorbed. 


From  the  results  presented  above,  it  is  apparent  that  the 
reaction  by  which  undissolved  casein  reduces  the  concentra- 
tion of  an  acid  solution  is  one  of  adsorption  and  not  the  forma- 
tion of  either  a  stable  or  a  hydrolyzible  salt,  as  is  shown  by  the 
absence  of  either  constant  combining  proportions  or  a  constant 
concentration   of   acid   at   equihbrium. 

Casein  is  not  the  first  proteid  whose  adsorptive  power  for 
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acids  has  been  noted.  Walker  and  Appleyard^  found  that 
silk  fixed  varying  proportions  of  mineral,  fatty  and  aromatic 
acids,  the  aromatic  being  adsorbed  most  completely,  mineral 
acids  next,  and  fatty  acids  least ;  and  it  was  shown  that  the  re- 
action was  one  of  adsorption.  Schmidt^  found  that  the  process 
by  which  silk  fixed  the  acid  dye  eosin  was  one  of  adsorption, 
and  concluded  from  this  and  other  data  that  dyeing  is  an 
adsorption  phenomenon.  Sjoqvist^  found  that  coagulated 
egg  albumin  takes  hydrochloric  and  sulphuric  acids  from 
solutions,  and  that  the  acids  could  be  re-extracted  from  the 
albumin  with  water,  the  reaction  being  characteristic  of  adsorp- 
tion, although  Sjoqvist  attributes  it  h.  priori  to  the  formation 
of  a  hydrolyzible  albumin-acid  salt.  Using  in  each  case  2 
grams  of  albumin  for  100  cc.  of  acid,  he  found  that  in  five 
minutes,  72,  83  and  91  per  cent  of  the  acid  was  removed  from 
solutions,  respectively,  of  N/io,  N/20  and  N/40  concentration. 
It  is  apparent  that,  although  the  time  of  reaction  was  too  short 
to  permit  final  conclusions,  the  results  suggest  an  adsorption, 
inasmuch  as  the  concentration  of  the  acid  was  reduced  in  all 
cases  and  more  markedly  as  dilution  increased,  and  showed 
no  tendency  towards  an  equiHbrium  constant.  Hardy^  calls 
attention  to  the  fact  that  the  reacting  masses  of  dissolved 
globulin  and  acid  are  not  constant,  and  while  favoring  the  idea 
of  chemical' combination  in  the  case  of  globulin,  he  is  inclined 
to  suggest  the  possibility  that  the  relation  between  electrolytes 
and  proteids,  even  in  solution,  may  be  one  of  adsorption,  the 
proteid  molecules  being  gathered  into  minute  masses  in  sus- 
pension, which  form  an  "inner  phase"  more  or  less  rich  in  ad- 
sorbed electrolyte.  Hardy  emphasizes  the  "need  for  caution 
in  regarding  the  reaction  between  proteids  and  acids  as  one 
of  simple  salt  formation.  The  possibility  of  the  phenomena 
belonging  to  the  intricate  border-land  of  adsorption  combina- 
tion must  not  be  lost  sight  of." 

The  selective  action  of  casein  in  taking  acids  but  not  neutral 
mineral  salts  from  solution  is  paralleled  by  that  of  charcoal 

I  J.  Chem.  Soc,  69,  1334  (1896). 

*  Z.  physik.  Chem..  16,  60  (1894). 

»  Skandin.  Arch.  Physiol.,  6,  35  (1895)). 

*  Jour.  Physiol.,  33,  300  (1905). 
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Freundlich^  finds  that  a  carefully  purified  preparation  of  the 
latter  adsorbs  mineral  and  organic  acids,  particularly  the 
latter,  but  alters  the  concentration  of  mineral  salts  by  less  than 
I  per  cent.  In  this  case  the  adsorbent  is  equally  inert  in  a 
chemical  sense  towards  either  acids  or  salts.  The  reaction  is 
purely  one  of  surface  energy,  independent  of  any  possibility  of 
chemical  combination  between  adsorbent  and  dissolved  sub- 
stance, and  the  same  is  probably  the   case    with   casein. 

It  appears,  however,  that  in  all  cases  adsorptive  power 
and  the  tendency  to  react  chemically  are  not  so  sharply  sep- 
arated. Van  Bemmelen^  says:  "If  P  and  C  (adsorbent  and 
dissolved  substance)  are  indifferent  to  each  other  according  to 
the  ordinary  chemical  conception,  an  adsorption  may  occur, 
but  it  is  in  many  cases  only  a  weak  one."  He  found  that  the 
hydrogel  of  SiOj  adsorbed  strong  bases  much  more  strongly  than 
strong  acids  or  salts.  Manganese  dioxide,  which  has  acid  proper- 
ties and  can  combine  chemically  with  strong  bases,  adsorbs  alkalis 
better  than  it  does  acids  or  salts.  Metastannic  acid,  which 
can  form  combination  with  acids,  adsorbs  potassium  chlor- 
ide weakly,  hydrochloric  acid  strongly.  From  these  and 
similar  facts,  van  Bemmelen  concludes  that  it  appears  that 
"in  many  cases  adsorption  is  distinguished  as  the  forerunner  of 
chemical  combination.' '  Adsorption  is  strong  in  many  cases 
when,  under  other  conditions  or  by  gradual  inner  changes, 
chemical  compounds  can  be  formed.  For  example,  van  Bem- 
melen found^  that  colloidal  silica  in  contact  with  barium  hydrox- 
ide adsorbed  the  latter  in  accordance  with  the  criteria  of  ad- 
sorption, so  long  as  barium  hydroxide  of  less  than  a  certain 
concentration  was  used.  When  this  concentration  was  ex- 
ceeded, combination  occurred  and  a  compound  having  the 
composition  BaSiOa.eHgO  separated  in  crystalline  form. 
In  double  transposition  in  solution,  as  between  salt  and  salt, 
the  new  compound  is  often  precipitated  as  a  colloid  and  changes 
later  into  a  chemical  compound  of  crystalline  form  and  definite 
composition.  It  is  questionable  whether  the  colloidal  precip- 
itate first  formed  is  a  chemical  compound  of  definite  propor- 

'  Loc.  cit. 

2  Zeit.  f.  anorg.  Chem.,  23,  342  (1900). 

'  Z.  anorg.  Chem.,  36,  380  (1903). 
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tions  rather  than  an  adsorption  compound,  or  a  transition  be- 
tween the  latter  and  a  definite  chemical  compound.  Van 
Bemmelen  has  determined  the  transition  of  precipitated 
colloidal  adsorption  compounds  of  AI2O3,  BeO  and  CuO  into 
the  chemical  compounds. 

From  the  point  of  view  of  van  Bemmelen  discussed  in  the  pre- 
ceding paragraph,  viz.,  that  a  chemical  affinity  between  two 
substances,  insufficient  to  cause  a  chemical  reaction  under 
existing  conditions,  may  result  in  the  formation  of  an  adsorption 
compound,  which  may  or  may  not  give  rise  to  a  definite  chemical 
compound,  the  action  between  casein  and  acids,  by  which 
insoluble  acid-casein  with  varying  content  of  acid  is  formed, 
might  be  regarded  as  the  formation  of  an  adsorption  compound 
under  such  influence;  and  the  change  to  soluble  acid-casein 
formed  on  long  standing,  on  warming,  or  on  contact  with  acids 
above  a  certain  degree  of  concentration,  as  the  change  of  the  ad- 
sorption compound  into  a  chemical  one,  such  as  a  proteid  acid  salt. 

Assumptions  aside,  however,  as  to  the  possible  relation  be- 
tween the  basicity  of  casein  and  its  adsorptive  power,  and  as 
to  the  nature  of  soluble  acid-casein,  the  action  of  dilute  acids 
may  be  briefly  stated  thus:  The  acids  first  concentrate  upon 
the  casein  by  adsorption  and  then  begin  to  dissolve  it  more 
or  less  slowly  according  to  conditions  of  temperature,  concen- 
tration, etc.  The  dissolved  substance,  at  least  in  the  case  of 
hydrochloric  acid,  contains  more  acid  than  the  adsorption 
compound. 

Although  the  results  obtained  during  our  limited  time  of  in- 
vestigation in  this  line  of  work  are  not  complete,  the  facts  that 
have  been  presented,  viewed  in  the  light  of  our  present  knowl- 
edge regarding  reactions  having  similar  characteristics,  have 
forced  us  to  regard  the  action  studied  as  a  case  of  adsorption, 
with  the  formation  of  what  van  Bemmelen  calls  "adsorption 
compounds,"  that  is,  physical  combinations  with  composition 
varying  continuously  with  the  conditions.  It  must  be  confessed 
that  much  remains  to  be  learned  about  adsorption  compounds 
and  the  phenomena  of  adsorption.  They  have,  however,  certain- 
characteristics  in  common,  as  summarized  on  pp.  444-445,  and 
the  possession  of  these  characteristics  by  the  reaction  between 
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dilute  acids  and  casein,  together  with  the  complete  failure 
of  the  reaction  to  agree  with  the  accepted  laws  of  chemical 
combination,  lead  us  to  classify  the  process  as  an  adsorption. 
Speculations  as  to  whether  other  proteids  also  take  up 
acids  by  adsorption,  or  whether  casein  and  silk  are  peculiar  in 
this  respect,  are  useless  until  careful  quantitative  tests  have 
been  made  with  other  proteids. 

For  an  interesting  speculation  upon  the  possible  biological 
significance  of  adsorption,  the  reader  is  referred  to  the  dis- 
cussion  at  the  close   of   Freundlich's   recent   paper.  ^ 

Viewing  the  action  between  casein  and  acids,  as  an  adsorp- 
tion, practically  brings  us  back  to  Hammarsten's  original 
proposition,  in  regarding  the  action  as  one  not  strictly  chemical, 
though  his  conclusion  was  based  on  results  that  could  not  be 
accepted  as  at  all  decisive,  especially  in  view  of  the  facts  we 
now  possess  which  were  not  then  known. 

SUMMARY. 

1.  Object. — The  work  of  which  an  account  has  been  presented 
was  undertaken  primarily  to  measure  more  accurately  than 
had  been  done-  the  amount  of  acid  that  combines  with  casein 
to  form  a  definite  compound  insoluble  in  water,  but  facts  were 
developed  which  raised  the  fundamental  question  as  to  whether 
the  action  is  one  of  real  chemical  combination  and  to  this  ques- 
tion chief  attention  was  directed. 

2.  Outline  of  Method  of  Work. — Casein  is  agitated  with 
dilute  acids  of  known  strength  for  given  periods  of  time,  the 
mixture  is  filtered,  and  the  amount  of  acid  taken  up  by  the  casein 
is  measured  by  the  decrease  in  the  conductivity  of  the  solution. 
It  was  found  necessary  to  work  out  special  formulas  in  order 
to  calculate  conveniently  the  results  of  conductivity  measure- 
ments into  terms  giving  equivalent  amounts  of  acid.  In  some 
cases  casein  that  had  taken  up  acid  was  treated  with  water 
and  the  acid  partially  extracted. 

3.  General  Scope  of  Work. — The  behavior  of  casein  was 
studied    (i)    with   four   acids   of   different   dissociating  power 

»  Z.  physik.  Chem.,  67,  385  (1906) 
2  This  Journal,  33,  461  (1905). 
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(hydrochloric,  sulphuric,  lactic  and  acetic);  (2)  with  N/125, 
N/500,  N/iooo  and  N/2000  concentrations  of  these  acids; 
(3)  for  contact  of  different  periods  of  time,  ranging  from  5 
minutes  to  48  hours;  (4)  at  different  temperatures  (0°,  25°  and 
45  °) ;  and  (5)  with  dilute  solutions  of  neutral  salts  (potassium 
chloride  and  magnesium  sulphate). 

4.  Solubility  of  Casein  in  Dilute  Acids. — It  was  necessary- 
first  to  ascertain  conditions  under  which  casein  forms  soluble 
compounds  with  dilute  acids  in  order  to  avoid  such  solution. 
Evidence  of  solution  was  shown  (i)  by  viscosity,  (2)  by  behavior 
of  solution  on  adding  alkali,  such  as  opalescent  or  milky  ap- 
pearance or  precipitation,  (3)  by  the  xanthoproteic  reaction, 
and  (4)  by  deviation  between  results  obtained  by  conductivity 
and  by  titration  methods.  In  case  of  solution  of  casein,  titra- 
tion results  are  untrustworthy  for  measuring  the  amount  of 
free  acid  in  solution,  because  the  dissolved  proteid  per  se 
neutralizes  part  of  the  alkali  used  for  titration  and  also  gives 
up  to  the  alkali  any  acid  with  which  the  proteid  may  have 
combined.  Little  or  no  solution  of  casein  occurs  even  on 
several  hours'  contact  at  0°  with  solutions  not  stronger  than 
N/500,  or  at  25°  with  solutions  not  stronger  than  N/iooo. 
Degree  of  solution  is  increased  (a)  by  concentration  of  acid, 
(6)  by  increase  of  temperature  and  (c)  by  prolongation  of 
contact.  The  solvent  action  of  the  four  acids  studied  was 
in  the  following  order,  from  strongest  to  weakest,  hydrochloric, 
lactic,  sulphuric  and  acetic.  The  rate  at  which  casein  dis- 
solves in  different  acids  of  the  same  normality  is  not  proportional 
to  the  concentration  of  the  H+  ions,  or  to  the  dissociation, 
but  is  disproportionately  great  for  the  weak  organic  acids. 
From  solution  of  equal  strength,  the  dissolved  proteid  takes 
up  a  larger  proportion  of   acid  than  does  the  undissolved. 

5.  General  Action  of  Acids  and  Casein  without  Solution. — 
Casein  takes  up  acids  from  dilute  solutions.  For  example, 
I  gram  of  casein,  shaken  with  100  cc.  of  N/iooo  hydrochloric 
acid  for  3  hours,  takes  from  the  solution  nearly  50  per  cent  of  the 
acid.  The  amount  of  acid  thus  taken  up  is  not  definite  and 
fixed,  but  varies  (i)  with  the  concentration  of  the  acid,  (2) 
with   the   duration   of   contact   until   equilibrium   is   reached, 
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which  require  some  hours,  (3)  with  the  degree  of  agitation  until 
equilibrium  is  reached,  (4)  with  the  temperature,  and  (5) 
with  the  kind  of  acid.  Some  acid  is  always  taken  up,  however 
small  the  amount  of  acid  used,  but  the  acid  is  never  completely- 
removed  from  the  solution,  however  large  the  proportion  of 
casein  present. 

6.  Equilibrium  Ratio  of  Reaction. — The  maximum  amount 
of  acid  adsorbed  by  a  gram  of  casein  varies  almost  directly  with 
the  concentration  of  the  acid  within  the  limits  used  (N/125  ^n^ 
N/iooo)  in  the  case  of  hydrochloric,  lactic  and  acetic  acids, 
so  that  at  equilibrium  the  ratio  of  acid  in  i  gram  of  casein  to 
the  acid  in  i  cc.  of  surrounding  solution  is  nearly  constant.  In 
the  case  of  sulphuric  acid,  the  ratio  increases  with  dilution  of 
acid.  The  equilibrium  ratio  reached,  when  i  gram  of  casein 
is  treated  with  100  cc.  of  N/500  solution  at  0°,  is  675  for  sul- 
phuric acid,  147  for  hydrochloric  acid,  80  for  lactic  and  36  for 
acetic.  Equilibrium  is  reached  in  2  to  24  hours  according  to 
(i)  the  acid  used,  (2)  the  temperature  and  (3)  the  degree  of 
agitation.  The  greater  part  of  the  acid  reacting  is  generally 
taken  up  in  the  first  half  hour  or  hour.  Increase  in  temperature 
increases  the  rate  at  which  equilibrium  is  approached  but  de- 
creases the  final  amount  of  acid  taken  up,  when  solution  of 
casein  does  not  result  at  the  higher  temperature. 

7.  Extraction  of  Acid  from  Casein. — The  acid  taken  up  by 
casein  may  be  extracted  by  shaking  with  water.  The  extraction 
continues  until  the  equilibrium  ratio  (concentration  of  acid 
in  I  gram  of  casein  divided  by  concentration  of  acid  in  i  cc.  of 
surrounding  solution)   is  estabUshed,   and  then  ceases. 

8.  Neutral  Salts. — Neutral  salts  (potassium  chloride  and 
magnesium  sulphate)  are  not  adsorbed  from  dilute  solution 
by   casein. 

9.  Character  of  Reaction. — The  behavior  of  casein  with  dilute 
acids,  when  no  solution  occurs,  suggests  three  different  explana- 
tions: (i)  an  adsorption  compound,  (2)  solution  of  acid  in 
casein  or  (3)  a  hydrolyzible  salt  of  casein.  A  careful  applica- 
tion of  the  experimental  results  to  each  of  these  hypotheses 
indicates  that  the  action  appears  to  correspond  in  detail  only 
with  the  characteristics  which  apply  to  an  adsorption. 
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10.  Reaction  Applied  to  Precipitation  of  Casein  in  Saving 
of  Milk. — On  the  basis  of  this  explanation,  the  proteid  pre- 
cipitated when  milk  sours  is  free  casein  in  which  lactic  acid 
is  held  by  adsorption. 


CXLVIL  —  RESEARCHES    ON     THIOCYANATES    AND 

ISOTHIOCYANATES :   DIPHENYLCARB AMYLTHIO- 

CYANATE. 

SEVENTH  PAPER. 
By  Treat  B.  Johnson  and  L.  H.  Levy. 

In  every  case  that  has  been  carefully  examined  a  thiocyanate, 
I.,  is  the  primary  product  of  the  reaction  when  an  alkyl  halide 
is  treated  with  ammonium  or  potassium  thiocyanate.  Whenever 
an  isothiocyanate,  II.,  is  obtained  it  results  from  the  molecular 
rearrangement  of  the  isomeric  thiocyanate  I. 

R.SCN  s^  R.NCS. 

I.  II. 

In  the  case  of  acyl  halides,  III.,  the  products  of  the  reaction 
have  always  been  assigned  the  isothiocyanate  structure,  V., 
and  those  investigators^  who  have  studied  this  reaction  have 
never  obtained  any  positive  evidence  of  the  formation  of  two 
distinct  isomers. 

We  shall  describe  in  this  paper  a  case  where  a  normal  acyl 
thiocyanate,  IV,,  is  obtained  by  treatment  of  an  acyl  chloride, 
III.,  with  potassium  thiocyanate.  Our  observation  seems  to 
indicate  that  acyl  halides,  III.,  in  general,  react  in  the  same 
manner  as  alkyl  halides  with  potassium  thiocyanate  to  form 
thiocyanates,  IV.,  which  then  undergo  a  metameric  change  to- 
isothiocyanates,  V. 

R.COCl    s-^     R.CO.SCN    s-^     R.CO.NCS. 

III.  IV.  V. 

»Miquel:Ann.  Chim.  Phys.,  [s],  11,  318  (1877).  Dixon:  J.  Chem.  Soc,  6T,. 
565.  1040;  69,  855,  1593;  71,  617;  76,  388;  79,  541;  83,  84;  8S,  807;  87,  331;  89,  892. 
Dixon  and  Hawthorne:  Ibid.,  87,  468.     Doran:  Ibid.,  69,  328;  79,  906. 
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Dixon^  has  investigated  the  behavior  of  diphenyl-,  methyl- 
phenyl-,  ethylphenyl-  and  benzylphenylcarbamyl  chlorides 
towards  inorganic  thiocyanates.  He  observed  that  they  re- 
acted to  form  isothiocyanates.  In  no  case,  however,  was  the 
isothiocyanate,  VI.,  isolated  in  a  state  of  purity,  but  their 
formation  was  established  by  the  fact  that  thiobiurets,  VII., 
were  obtained  when  the  crude  reaction  products  were  treated 
with  organic  bases: 

R2N.CO.NCS  +  R'NHj  =  R2N.CONHCSNHR'. 
VI.  VII. 

In  a  previous  paper  from  this  laboratory  Johnson  and 
McCollum^  have  shown  that  2-ethylmercapto-5-ethoxy-6- 
chlorpyrimidine,  VIII.,  gives  a  thiocyanate,  X.,  when  treated 
in  alcohol  with  potassium  thiocyanate.  On  account  of  the 
close  analogy  of  diphenylcarbamyl  chloride,  IX.,  to  this  cyclic 
imide  chloride,  VIIL,  and  its  stability  in  warm  alcohol,  it  ap- 
peared to  the  writer  that  the  carbamyl  chloride,  IX.,  might 
react  with  potassium  thiocyanate  under  similar  conditions 
to  give  a  normal  acyl  thiocyanate,  XL 

N C.Cl  N C.Cl 

II  II  II  II        • 

C,H,S.C  COC,H,  (CeH,),      O 

N=zCH 

VIII.  IX. 

N C.SCN  N C.SCN 

II  II  II  II 

C,H,S.C  C.OC.H,  (C,H,),       O 

N CH 

X.  XI. 

Our  experiments  have  confirmed  this  assumption.  We 
find  that  diphenylcarbamyl  chloride,  IX.,  reacts  smoothly 
with  potassium  thiocyanate  to  give  diphenylcarbamyl  thiocya- 

1  J.  Chem.  Soc.,75,  388. 

2  This  Journal,  36,  136  (1906). 
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nate,  XL,  the  first  representative  of  the  hitherto  unknown  series 
of  acyl  thiocyanates,  IV.  That  a  thiocyanate  is  the  first  prod- 
uct of  the  reaction,  we  have  established  in  the  following  manner: 
It  showed  no  tendency  to  react  with  organic  bases,  and  under- 
went no  change  when  digested  with  hydrochloric  acid. 

Dixon ^  has  shown  that  the  isomeric  isothiocyanate  is  de- 
composed by  steam  distillation  with  formation  of  thiocyanic 
acid,  carbon  dioxide,  water  and  tetraphenylurea,XII.,  according 
to  the  following  equations: 

(C„H5)2N.CO.NCS  +  H2O  -  (CeH5)2N.COOH  -f  HSCN; 
2(CeH5)2N.COOH  =  CO2  +  H2O  +  (C6H5)2N.CO.N(C6H5)2 

XII. 

Our  compound  reacted  with  thiobenzoic  acid^  as  a  normal 
thiocyanate  giving  a  dithiourethane,  XIII.  We  did  not  ob- 
serve any  formation  of  carbon  bisulphide : 

(C8H5)2N.CO.SCN  +  C^HsCOSH  = 

C6H5CONHCS.S.CON(C6H5)2 

XIII. 

The  urethane  structure  was  confirmed  by  the  yellow  color 
of  the  compound  and  its  solubility  in  alkali. 

It  seems  very  probable  to  the  writer  that  all  the  carbamyl 
chlorides  examined  by  Dixon  will  give  thiocyanates  if  treated 
with  potassium  thiocyanate  under  the  proper  conditions. 

EXPERIMENTAL  PART. 

Diphenylcarhamyl  Thiocyanate,  (CeH.)2N.C0.SCN. — This 
compound  was  prepared  in  the  following  manner:  20  grams 
of  diphenylcarbamyl  chloride  were  first  dissolved  in  50  cc. 
of  95  per  cent  alcohol.  Ten  grams  of  dry  potassium  thiocyanate 
were  then  added  and  the  solution  heated  on  the  steam-bath 
for  3-4  hours.  The  insoluble  potassium  chloride  was  then 
filtered  off  and  the  alcoholic  solution  allowed  to  cool.  The 
thiocyanate  deposited  in  prismatic  crystals,  which  were  puri- 
fied for  analysis  by  recrystallization  from  alcohol.     It  melted 

1  Loc.  cit. 

»  J.  Am.  Chem.  Soc,  23,  283. 
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at  138°  to  a  clear  oil.  The  thiocyanate  was  also  prepared  by 
digesting  the  carbamyl  chloride  in  acetone  with  potassium 
thiocyanate.     Analysis   (Kjeldahl) : 

Calculated  for  Found. 

ChHjoONsS.  I.  II. 

N  11.02  10.97  11.00 

Action  of  Hydrochloric  Acid. — One  gram  of  the  thiocyanate 
was  heated  with  10  cc.  of  concentrated  hydrochloric  acid  for 
two  hours.  It  was  not  altered  by  this  treatment  and  melted 
at  138°. 

Action  of  Ammonia  and  Aniline. — The  thiocyanate  showed 
no  tendency  to  react  with  bases.  It  was  recovered  unaltered 
after  suspension  in  concentrated  ammonia  for  twelve  hours. 
Half  a  gram  of  the  thiocyanate  was  mixed  with  aniline  and 
allowed  to  stand  at  ordinary  temperature.  There  was  no 
evidence  of  any  reaction  after  standing  for  six  weeks. 

Action  of  Thiohenzoic  Acid. — Five  grams  of  the  thiocyanate 
and  2.7  grams  of  thiobenzoic  acid  were  heated  together  in  a 
water  bath.  There  was  no  apparent  reaction  at  first  but  at 
70°  a  gas  began  to  be  evolved  and  at  90°  a  violent  reaction 
took  place.  The  heating  was  continued  at  90-100°  until  the 
evolution  of  gas  practically  ceased,  when  approximately  350 
to  400  cc.  of  gas  had  collected  over  water.  It  burned  with  a 
blue  flame  and  emitted  a  strong  odor  of  sulphur  dioxide.  It 
was  identified  as  carbon  oxysulphide.  We  obtained  no  evi- 
dence of  the  presence  of  carbon  bisulphide.  The  residue 
was  a  thick  varnish  that  showed  no  signs  of  solidifying  after 
standing  for  several  hours.  It  was  treated  with  a  solution  of 
sodium  hydroxide  and  the  insoluble  portion  removed  by  ex- 
traction with  ether  (see  below).  When  the  alkaline  solution 
was  saturated  with  carbon  dioxide,  a  canary- yellow  precip- 
itate was  obtained  that  crystallized  from  hot  benzene  in  prisms 
and  melted  at  I28°-I29°  to  a  clear  oil.  The  compound 
was  very  soluble  in  alcohol  and  volatilized  with  alcohol  vapors 
when  its  solution  was  evaporated  on  the  steam  bath.  A  nitro- 
gen determination  (Kjeldahl)  agreed  with  the  calculated  value 
in  benzoyldithiodiphenylcarbamyl  carbamate,  C^HgCONHCS. 
S.C0N(C,H6),. 
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Calculated  for 

CoiHigOoNjSo.  Found. 

N  7.14  7.06 

The  ether  washings  from  the  above  treatment  with  sodium 
hydroxide  deposited  a  crystalline  compound.  It  was  purified 
for  analysis  by  recrystallization  from  alcohol  and  separated 
in  well  developed,  prismatic  crystals  that  melted  at  177°. 
They  did  not  respond  to  a  test  for  sulphur  and  were  insoluble 
in  alkalis  and  acids.  The  compound  was  identified  as  hen- 
zoyldiphenylamine,     C6H5CO.N(CeH5)2.     Analysis  (Kjeldahl) : 


Calculated  for 
C19H15ON. 

Found. 

5-12 

5-27 

N 

Action  of  Thioacetic  Acid. — The  thiocyanate  showed  less 
tendency  to  react  with  thioacetic  acid  than  with  thiobenzoic 
acid.  By  careful  treatment  the  thiocyanate  could  be  repeatedly 
recrystallized  from  the  thioacid  and  be  recovered  unaltered. 
On  prolonged  heating  at  80^-90°  there  was  a  slow  evolution  of 
gas,  and  a  thick  varnish  was  obtained  that  showed  no  signs 
of  solidifying  after  standing  for  several  days.  It  was  not  ex- 
amined   further. 

Behavior  of  the  Thiocyanate  on  Heating. — The  thiocyanate 
apparently  shows  no  tendency  to  rearrange  into  its  isomer 
at  ordinary  temperature.  It  was  also  preserved  at  a  tempera- 
ture of  6o°-8o°  for  several  weeks  without  change.  One  gram 
of  the  thiocyanate  was  heated  in  an  oil  bath  for  an  hour  at  138  °- 
141°.  We  obtained  a  thick  varnish  that  would  not  solidify 
on  cooling.  It  had  a  disagreeable  odor  and  slowly  decomposed 
when  heated  above  160°.  That  this  was  an  isothiocyanate 
derivative  was  established  by  its  behavior  with  bases.  It 
reacted  at  once  with  aniline  to  form  a,c,c-triphenylthiobiuret 
melting  at  i67°-i68°.  Dixon  states  that  this  compound  melts 
at  i63°-i63°.5.  In  another  experiment  2  grams  of  the  thio- 
cyanate were  rearranged  to  the  isothiocyanate  by  heating  for 
one  hour  at  150°- 160°.  The  isothiocyanate  was  then  treated 
with  concentrated  aqueous  ammonia  and  allowed  to  stand. 
We  obtained   a  crystalline  compound  that    crystallized   from 
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alcohol  in  prisms.     The  melting  point,  i82°-i83°,  agreed   with 
that  given  by  Dixon  for  diphenylthiobiuret, 

(C6H5)2NCONHCS.NH2. 

Analysis   (Kjeldahl) : 

Calculated  for  Found. 

CnHisONaS.  I.  II. 

N  1549  15-54  15-52 

New  Haven,  Conn., 
June  20,  1907. 
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AN  EXTRACTOR  FOR  USE  WITH  SMALL  QUANTITIES 
OF  MATERIAL. 

By  C.  I<oring  Jackson  and  J.  E.  Zanetti. 

This  form  of  extractor  was  contrived  by  one  of  us  more  than 
twenty  years  ago,  and  has  been  in  use  at  intervals  in  this  labora- 
tory ever  since.  It  is  so  simple  that  it  seems  as  if  it  must  have 
been  described  already,  but  we  have  found  no  paper  upon  it, 
and,  if  one  exists,  it  cannot  be  generally  known,  because  Sox- 
hlet's  extractor  is  still  in  common  use. 

It  is  made  up  of  apparatus  found  in  every  organic  laboratory, 
a  250  cc.  flask  (or  one  of  larger  capacity)  fitted  with  a  return 
condenser,  and  a  piece  of  wide  glass  tube  open  at  both  ends, 
which  holds  the  solid  to  be  extracted  between  two  wads  of 
filter  paper.  A  better  form  is  given  to  the  apparatus,  if  the 
piece  of  tube  is  drawn  to  a  smaller  diameter  at  the  bottom, 
so  as  to  hold  a  small  perforated  porcelain  plate  which,  with  a 
single  thickness  of  filter  paper,  supports  the  solid  in  the  tube, 
as  in  this  way  a  more  rapid  flow  of  the  extracting  liquid  is 
secured.  The  tube  after  being  loaded  with  the  solid  is  placed 
in  the  flask  in  a  slightly  inclined  position,  and  should  be  long 
enough  to  reach  from  the  bottom  of  the  flask  nearly  to  the  top 
of  its  neck;  it  stands  directly  under  the  return  condenser,  and 
receives  the  liquid  dropping  from  it.  There  should  be  suffi- 
cient space  between  the  tube  and  the  neck  of  the  flask  to  allow 
free  passage  to  the  vapor  of  the  solvent.  The  soHd  in  the  tube 
should  stand  above  the  Uquid  in  the  flask,  and  there  should  be 
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an  empty  space  1-3  cm.  long  above  the  solid  to  receive  the 
liquid  from  the  condenser.     The  success  of  the  process  depends 


on  the  adjustment  of  the  filter  papers,  so  as  to  allow  a  rapid 
flow  through  the  tube  but  with  the  space  above  the  upper 
filter  kept  nearly  full  of  the  liquid,  as  in  this  way  the  formation 
of  special  channels  in  the  solid  is  in  great  measure  prevented. 
This  adjustment  is  a  very  simple  matter,  and,  after  the  boiling 
of  the  solvent  has  been  started  at  the  proper  rate,  the  apparatus 
runs  automatically. 

In  order  to  compare  the  efficiency  of  our  extractor  with  that 
of  Soxhlet  three  series  of  experiments  were  tried :  the  first  with 
10  grams  of  anthracene  and  ether,  the  extraction  being  carried 
on  for  ten  minutes,  after  which  the  solvent  was  evaporated  off, 
and  the  extract  weighed. 


Anthracene. 


Soxhlet 

New  extractor 


1-5 
2.8 


Grams. 
2.1 
2.9 


Grams. 

1-9 


J 


Extractor  for  Small  Quantities  of  Material.  463 

As  in  these  experiments  all  parts  of  the  solid  were  soluble 
in  the  liquid,  the  conditions  were  not  those  of  a  true  extraction; 
accordingly  in  a  second  series  10  grams  of  ground  turmeric 
were  used  with  ligroin,  which  removes  the  oily  constituents; 
and  in  a  third  turmeric  and  ether,  which  removes  the  oils  and 
coloring  matters.  In  these  cases  the  extraction  lasted  one 
hour,  the  time  being  counted  from  the  instant  when  the  first 
drop  of  solvent  fell  upon  the  solid. 


Turmeric. 
II. 

Ligroin  boiling 

at  30°- 60°. 
Gram.        Gram. 

Soxhlet                0.2         0.2 
New  extractor    0.4        0.5 

Ligroin  boil- 
ing at  4o°-50°. 
Gram. 

0.3 
0.8 

III. 
Ether. 
Gram. 

0.9 

1.3 

The  agreement  of  the  parallel  experiments  is  as  close  as  could 
be  expected,  since  it  is  impossible  to  secure  absolutely  similar 
conditions,  and  is  accurate  enough  for  our  purpose,  as  the 
largest  difference  between  results  with  the  same  extractor  is 
smaller  than  the  smallest  difference  between  the  different  ex- 
tractors. These  experiments  show  that  our  apparatus  is  more 
efl&cient  than  that  of  Soxhlet,  the  amount  dissolved  by  it  in 
some  cases  being  more  than  twice  as  great.  This  is  not  surpris- 
ing, as  in  it  the  solid  is  surrounded  by  the  hot  vapor  of  the 
solvent,  which  therefore  acts  at  a  much  higher  temperature 
than  in  the  older  form  of  extractor. 

The  considerable  difference  between  the  amounts  extracted 
from  turmeric  by  ligroin  boiling  from  30°  to  60°  and  that 
boiling  between  40°  and  50°  is  probably  due  to  the  fact  that  the 
solid  is  kept  hot  by  the  vapor  of  the  ligroin  in  the  flask,  so 
that  much  of  the  lower  boiling  solvent  evaporates  away  from 
the  tube  without  passing  through  it.  This  difference  is  much 
less  marked  in  the  Soxhlet  extractor,  but  in  spite  of  this  ad- 
vantage our  form  is  much  more  effective. 

In  order  to  see  if  the  felt  thimble  used  in  the  Soxhlet  ap- 
paratus gave  as  good  results  as  the  tube  in  our  form,  two  ex- 
tractions were  carried  on,  in  which  the  thimble  was  substituted 
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for  the  tube  in  our  extractor.  With  ether  and  anthracene 
we  obtained  equally  good  results  from  the  two  forms  of  holder, 

Thimble  2.9 

Tube  2.9  2.8 

but  in  this  experiment  the  conditions  were  not  those  of  a  true 
extraction,  in  which  the  soluble  substance  is  mixed  with  much 
inert  matter,  and  when  hgroin  boiling  at  40  "-50°  and  turmeric 
were  used  the  result  was  very  different. 

Thimble  0.3 

Tube  0.8 

In  this  case  the  tube  gives  a  much  better  result,  as  indeed 
was  to  be  expected,  because  with  the  felt  thimble  a  large  part 
of  the  solvent  must  escape  through  the  sides  without  coming 
in  thorough  contact  with  the  solid,  whereas  with  the  tube  each 
drop  of  the  liquid  can  return  to  the  flask  only  by  passing  through 
the  entire  column  of  the  solid.  In  the  first  case,  therefore,  much 
of  the  solvent  will  return  to  the  flask  without  having  taken 
up  its  full  share  of  the  extract,  and  the  lower  and  inner  parts 
of  the  solid  will  be  exposed  to  the  action  of  only  a  portion  of 
the  solvent.  The  superiority  of  our  apparatus  to  that  of  Sox- 
hlet  undoubtedly  is  due  to  this  diff'erence  in  the  holders  of  the 
solid  as  well  as  to  the  higher  temperature,  at  which  the  extrac- 
tion takes  place. 

The  advantages  of  our  extractor  over  the  Soxhlet  form  are: 
(i)  The  extraction  takes  less  time,  in  some  cases  running 
more  than  twice  as  rapidly.  (2)  A  smaller  amount  of  the 
solvent  can  be  used.  Our  apparatus  runs  well  with  40-50  cc. 
of  liquid;  with  Soxhlet' s  at  least  100  cc.  are  necessary.  (3) 
Our  extractor  is  much  the  cheaper,  being  easily  put  together 
with  pieces  of  apparatus  common  in  every  organic  laboratory. 
(4)  It  is  much  less  fragile.  (5)  It  is  more  compact,  and 
therefore  more  easy  to  set  up  firmly  than  the  top-heavy  Sox- 
hlet apparatus.  (6)  It  is  well  adapted  to  extractions  with 
solvents  having  high  boiling  points,  which  could  hardly  be  used 
with    the    Soxhlet    form. 

Cambridge,  Mass., 
April,  10,  1907. 


From  the  Division  of  Chemistry,  Hygienic  Laboratory,  U.  S.  Public  Health  and 
Marine  Hospital  Service,  Washington,  D.  C. 

THE  COMBUSTION  OF  SULPHUR  IN  AIR  AND  OXYGEN. 

By  J.  H.  Kastle  and  J.  S.  McHargue. 

Sulphur  dioxide  has  long  been  employed  as  a  disinfectant 
and  germicide.  For  many  purposes  it  is  regarded  as  highly 
efficient  and  in  general  its  mode  of  action  is  sufficiently  well 
understood.  Like  other  substances  employed  for  purposes 
of  disinfection  its  efficiency  is  dependent  on  various  conditions 
such  as  temperature,  moisture,  etc.,  and  to  some  of  these  its 
relation  is  still  not  well  understood.  An  experimental  study 
of  its  mode  of  action  as  a  germicide  has  therefore  been  recently 
undertaken  in  the  Hygienic  Laboratory,  and  the  observations 
herein  described  were  made  in  connection  with  this  investi- 
gation. Ordinarily,  the  sulphur  dioxide  required  for  disin- 
fection, is  obtained  by  burning  sulphur  in'air  in  pots  or  furnaces, 
the  latter  specially  designed  for  this  purpose.  It  therefore 
became  a  matter  of  interest  in  this  connection  to  determine 
whether  sulphur  dioxide  is  the  sole  product  of  the  combustion 
of  sulphur,  and  especially  to  determine  whether  any  sulphur 
trioxide  is  formed  during  the  combustion. 

According  to  HempeP  when  sulphur  is  burned  in  oxygen 
the  quantity  of  sulphur  trioxide  produced  increases  with  in- 
crease in  the  pressure  of  the  oxygen  to  40  to  50  atmospheres, 
when  approximately  half  of  the  sulphur  is  converted  into  the 
trioxide.  At  still  higher  pressures  the  quantity  of  sulphur 
trioxide  formed  is  less  than  this,  and  at  atmospheric  pressure 
the  gas  resulting  from  the  combustion  of  sulphur  contains  2 
per  cent  of  sulphur  trioxide  and  98  per  cent  of  sulphur  dioxide. 

According  to  Hempel,  in  order  to  determine  the  several 
amounts  of  these  two  substances  in  the  gases  resulting  from  the 
combustion  of  sulphur,  the  outlet  tube  of  the  autoclave  was 
opened  and  the  sulphur  dioxide  absorbed  by  drawing  the  gases 
through  an  absorption  flask  containing  iodine  solution.  In 
order  to  effect  the  most  complete  separation  of  the  sulphur 
dioxide  from  the  trioxide,  the   autoclave  was  placed   in   hot 

»  Ber.  d.  chem.  Ges.,  23,  1455-1457. 
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water.  The  sulphur  dioxide  produced  was  determined  by 
titration  of  the  iodine  solution  and  the  sulphuric  acid  remaining 
in  the  autoclave  was  determined  gravimetrically.  According 
to  this  author,  an  exact  agreement  of  the  results  could  not 
be  obtained. 

Theoretically,  at  least,  it  would  seem  possible  to  determine 
the  quantities  of  sulphur  dioxide  and  trioxide  in  a  mixture 
of  gas  by  determining  (i)  the  quantity  of  sulphur  dioxide 
by  means  of  decinormal  iodine  and  (2)  the  sulphur  trioxide 
by  a  gravimetric  determination  of  the  total  sulphur  in  the 
solution  after  absorption.  In  order,  however,  that  these 
methods  may  be  employed  to  advantage  in  the  actual  study 
of  sulphur-dioxide  disinfection  it  is  essential  that  they  be  rapid 
and  easy  of  execution.  The  attempt  was  made  therefore  to 
determine  both  the  sulphur  dioxide  and  trioxide  volumetrically. 
This  we  have  been  able  to  accomplish  in  two  ways:  (i)  by  pass- 
ing the  gases  resulting  from  the  combustion  of  the  sulphur 
through  a  solution  of  decinormal  iodine.  In  such  a  solution 
the  sulphur  dioxide  is  absorbed  by  conversion  into  sulphuric 
acid  and  any  sulphur  trioxide  present  in  the  gas  is  absorbed 
by  the  water  which  is  present.  In  our  earlier  work  on  this 
subject  the  iodine  solution  contained  in  the  several  absorption 
flasks  was  poured  into  a  measuring  flask  of  convenient  volume 
and  made  up  to  the  mark  with  water.  In  an  aliquot  part 
of  this  solution  the  excess  of  iodine  was  determined  by  means 
of  decinormal  thiosulphate  and  in  another  aliquot  part  of  the 
solution  the  excess  of  the  iodine  was  removed  by  means  of  a 
freshly  prepared  solution  of  sulphur  dioxide  of  known  strength 
and  the  total  acidity  of  the  resulting  solution  determined  by 
means  of  decinormal  sodium  hydroxide,  with  phenolphthalein 
as  the  indicator.  This  method  depends  upon  the  reaction 
represented  by  this  chemical  equation:  I2  +  SOj  +  2H2O  = 
2HI  -I-  H2SO4,  and  hence  for  every  equivalent  of  iodine  used 
up  theoretically  2  equivalents  of  acid  should  result,  or,  if  10  cc. 
of  a  decinormal  solution  of  iodine  be  used  up  in  this  process, 
20  cc.  of  decinormal  sodium  hydroxide  should  be  required  to 
neutralize  the  resulting  solution  exactly.  If  now  a  larger 
quantity  than  20  cc.  of  decinormal  sodium  hydroxide  be  re- 
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quired,  the  excess  is  a  measure  of  the  sulphur  trioxide  resulting 
from  the  combustion  of  the  sulphur,  provided  the  solution  of 
sulphur  dioxide  employed  in  the  removal  of  the  excess  of  iodine 
does  not  contain  any  sulphuric  acid.  By  this  method  we  were 
able  to  measure  the  quantity  of  sulphur  trioxide  formed  in 
the  burning  of  sulphur  and  to  prove  to  our  satisfaction  that 
a  certain  amount  of  this  substance  did  result  in  the  combustion 
of  sulphur.  1  This  method  has  the  disadvantage,  however, 
that  the  solution  of  sulphur  dioxide  has  to  be  prepared  fresh 
every  day,  and  the  strength  of  the  solution  was  found  to  be 
very  subject  to  change  and  hence  had  to  be  determined  prac- 
tically for  each  determination.  Fortunately,  for  the  purpose 
of  this  investigation  it  was  found  that  both  of  these  gases  could 
be  determined  (2)  by  means  of  a  decinormal  iodine  solution, 
decinormal  thiosulphate  and  decinormal  sodium  hydroxide 
without  resorting  to  the  solution  of  sulphur  dioxide.  The 
method  finally  employed  in  our  determinations  is  as  follows: 
The  gases  resulting  from  the  combustion  of  the  sulphur  are 
absorbed  in  a  known  volume  of  decinormal  iodine  solution. 
The  liquid  is  then  poured  into  a  measuring  flask  of  convenient 
volume  and  made  up  to  the  mark  with  water.  In  an  aliquot 
part  of  this  solution  the  excess  of  iodine  is  determined  by 
means  of  a  decinormal  thiosulphate,  and  in  this  same  portion 
the  acid  is  determined  by  means  of  decinormal  sodium 
hydroxide,  phenolphthalein  being  the  indicator.  The  quan- 
tity of  iodine  originally  employed  minus  the  quantity  remain- 
ing unchanged  as  indicated  by  the  thiosulphate  gives  the 
quantity  of  sulphur  dioxide,  and  the  excess  of  acidity  over 
and  above  the  amount  which  should  result  from  the  action  of 
the  iodine  on  the  sulphur  dioxide  gives  the  sulphur  trioxide 
resulting  from  the  burning  of  the  sulphur.  Obviously,  this 
method  is  based  on  well-known  reactions  employed  in  iodimetry 
and  acidimetry,  and  depends  finally  on  the  fact  that  the  sub- 
stances resulting  from  the  action  of  iodine  on  sodium  thiosul- 
phate are  neutral  to  phenolphthalein.  The  exact  strength 
of  the  thiosulphate  solution  used  was  determined  by  means 

1  That  small  quantities  of  sulphur  trioxide  are  formed  during  the  combustion  of 
sulphur  is  evident  from  the  fact  that  diu-ing  the  combustion,  oily  drops  of  sulphtu'ic 
add  make  their  appearance  on  the  walls  of  the  tube. 
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of  Kahlbaum's  resublimed  iodine  immediately  before  each 
experiment,  and  the  exact  strength  of  the  iodine  solution 
determined  by  means  of  the  thiosulphate.  The  exact  strength 
of  the  sodium  hydroxide  was  frequently  determined  by  titrating 
against  weighed  amounts  of  pure  oxalic  acid.  The  strict  ob- 
servance of  these  precautions  is  necessary  if  concordant  re- 
sults are  to  be  obtained  by  this  method.  A  specimen  of  crys- 
tallized sulphur  was  selected  for  the  investigation.  This 
was  twice  -distilled  and  each  of  the  first  portions  of  the  distillate 
were  rejected.  The  product  thus  obtained  was  broken  up  into 
small  pieces  about  the  size  of  bird  shot  and  preserved  in  a 
weighing  bottle.  In  all  our  determinations  o.i  gram  of 
this  was  weighed  out  in  a  porcelain  boat,  which  was  then 
placed  in  a  piece  of  Jena  glass  combustion  tubing,  30  inches  in 
length.  One  end  of  this  long  tube  was  drawn  down  to  a  tube 
of  smaller  caliber  and  connected  with  a  train  of  five  Drexel 
absorption  bottles,  the  first  four  of  which  contained  known 
amounts  of  tenth-normal  iodine  solution,  and  the  last  one  from 
the  tube  contained  a  2  per  cent  solution  of  potassium  iodide. 
The  last  absorption  bottle  was  connected  with  an  aspirator 
bottle.  The  porcelain  boat  containing  the  sulphur  was  placed 
about  four  inches  from  the  farther  end  of  the  tube  away 
from  the  absorption  bottles,  and  this  end  of  the  tube  was 
then  closed  with  a  cork  through  which  passed  a  piece  of  glass 
tubing  about  three-sixteenths  inch  in  diameter,  one  end  of  which 
was  drawn  down  so  as  to  give  an  opening  about  one-sixteenth 
of  an  inch  in  diameter  into  the  larger  tube.  Through  the 
smaller  tube  the  air  or  oxygen  required  in  the  combustion  of 
the  sulphur  was  drawn  by  the  aspirator  bottle  at  the  end  of  the 
train  of  absorption  flasks.  Care  was  taken  so  to  regulate  the 
combustion  of  the  sulphur  as  to  insure  complete  combustion 
and  no  volatilization  to  the  colder  parts  of  the  tube.  The 
tube  was  of  such  length  as  to  insure  complete  combustion  of 
the  sulphur  long  before  any  small  amounts  that  might  be  vola- 
tilized could  reach  the  absorption  bottles.  In  a  few  of  our  ex- 
periments the  sulphur  to  be  burned  was  spread  along  the  com- 
bustion tube  over  a  considerable  length,  but  always  from  the 
absorption  bottles. 
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After  the  combustion  was  complete,  the  contents  of  the  tube 
and  bottles  were  transferred  to  a  measuring  flask  and  made  up 
to  the  mark  with  the  washings  from  the  tube  and  absorption 
bottles.  An  aliquot  portion  was  then  titrated  with  sodium  thio- 
sulphate.  From  the  number  of  cc.  of  iodine  used  up,  the  weight 
of  the  sulphur  burned  to  sulphur  dioxide  was  calculated.  After 
adding  a  few  drops  of  phenolphthalein,  the  acidity  of  the  solution 
was  determined  by  means  of  N/io  sodium  hydroxide.  The 
number  of  cc.  of  caustic  soda  required  was  recorded  as  "found 
acidity."  From  the  quantity  of  iodine  entering  into  reaction 
with  the  sulphur  dioxide,  the  acidity  resulting  from  the  con- 
version of  sulphur  dioxide  into  sulphuric  acid  by  means  of 
iodine  can  be  calculated.  The  found  acidity  minus  the  cal- 
culated acidity  gives  the  acidity  due  to  sulphur  trioxide.  From 
this  the  weight  of  the  sulphur  burned  to  sulphur  trioxide  may 
be  calculated,  and  this,  added  to  the  weight  of  the  sulphur 
burned  to  sulphur  dioxide,  gives  the  total  weight  of  the  sulphur 
burned.  The  results  of  our  determinations  are  given  in  the 
table  on  the  following  pages: 

It  will  be  seen  from  an  examination  of  the  results  given  in 
the  table  (i)  that  there  is  a  reasonable  agreement  between 
our  determinations  and  those  of  Hempel,  of  the  several 
amounts  of  sulphur  dioxide  and  sulphur  trioxide  which  result 
from  the  burning  of  sulphur  in  oxygen,  especially  when  the 
fact  that  the  combustion  was  carried  out  in  a  somewhat  differ- 
ent manner  in  the  two  cases  is  kept  in  mind.  According  to 
Hempel,  2  per  cent  of  the  sulphur  is  burned  to  sulphur  trioxide; 
according  to  our  determinations.  Series  IV.,  2.76  per  cent  of 
sulphur  is  burned  to  the  trioxide. 

(2)  It  is  further  evident  from  our  results  that  considerably 
larger  amounts  of  sulphur  trioxide  are  formed  when  sulphur 
is  burned  in  air  than  when  it  is  burned  in  oxygen.  That  such  is 
the  case  may  be  seen  from  the  results  given  in  Series  I.,  II., 
III.,  IV.,  and  V.  From  an  average  of  all  of  our  results  bearing 
on  this  point,  it  will  be  seen  that  about  2.5  times  as  much 
sulphur  is  burned  to  sulphur  trioxide  in  air  as  is  burned  to 
sulphur  trioxide  in  oxygen. 

(3)  The  results  obtained  in  Series  I.,  II.,  III.,  and   in   the 
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single  experiment  No.  n  would  seem  to  indicate  that 
moisture,  dryness,  and  the  presence  of  increased  amounts  of 
carbon  dioxide  are  practically  without  influence  on  the  com- 
bustion of  sulphur  in  air  and  from  Series  IV.  and  V.  it  would 
seem  that  moisture  is  practically  without  influence  on  the 
combustion  of  sulphur  in  oxygen  and  from  Series  VI.  that  car- 
bon dioxide  exerts  but  little  influence  on  the  combustion  of 
sulphur  in  oxygen,  the  amount  of  sulphur  trioxide  being  only 
slightly  increased  over  the  amount  of  this  substance  formed 
in  dry  and  moist  oxygen. 

Finally,  it  would  seem  from  the  results  of  our  experiments 
given  in  Series  VII.  that  the  increased  production  of  sulphur 
trioxide  in  air  as  compared  with  oxygen  is  due  in  some  way 
to  the  presence  of  nitrogen.  It  will  be  seen  further  from 
Series  VIII.  that  a  great  diminution  in  the  quantity  of  nitrogen 
as  compared  with  the  quantity  present  in  the  experiments 
of  Series  VII.  and  the  quantity  normally  present  in  air  causes 
a  marked  falling  off  in  the  production  of  sulphur  trioxide. 

It  would  seem  therefore  from  our  results  that  in  the  com- 
bustion of  sulphur,  nitrogen  acts  as  a  carrier  of  oxygen. 

In  support  of  this  conclusion  the  fact  may  be  mentioned 
that  in  the  combustion  of  certain  substances  in  air  small 
amounts  of  nitrogen  are  also  oxidized.  For  example,  Kam- 
merer^  proved  the  presence  of  nitrogen  peroxide  in  the  gases 
left  after  burning  magnesium  in  air,  by  the  characteristic  odor 
and  color  of  the  gas  and  by  the  formation  of  the  iodide  of 
starch  on  the  addition  of  the  potassiura-iodide-starch  reagent. 
Dixon  and  RusselP  have  also  observed  that  when  an  explosive 
mixture  of  carbon  bisulphide  and  oxygen,  containing  small 
amounts  of  nitrogen,  is  ignited,  some  of  the  nitrogen  is  invari- 
ably oxidized. 

The  formation  of  small  amounts  of  one  of  the  higher  oxides 
of  nitrogen  during  the  burning  of  sulphur  in  air  and  the  sub- 
sequent oxidation  of  sulphur  dioxide  thereby  would  afford  the 
simplest  explanation  of  the  fact  that  considerably  more  sul- 
phur trioxide  is  formed  when  sulphur  is  burned  in  air  and  in 

1  Ber.  d.  chem.  Ges.,  10,  1684. 

2  Jour.  Lond.  Chem.  Soc,  Trans.,  1899,  pp.  75-610. 
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mixtures  of  oxygen  and  nitrogen  than  is  produced  when  it  is 
burned  in  pure  oxygen  or  in  mixtures  of  carbon  dioxide  and 
oxygen. 


ON  SOME  CUPRAMMONIUM  SALTS,  IV. 

CUPRAMMONIUM  SUI.PHATE. 
By  David  W.  Horn. 

The  object  of  this  paper  is  to  describe  a  series  of  experiments 
of  interest  in  connection  with  a  recent  paper  by  Dawson  on  "The 
Nature  of  Ammoniacal  Copper  Solutions."^ 

Dawson  describes  a  continuation,  under  more  favorable 
conditions,  of  the  work  of  Dawson  and  McCrea,^  in  which  the 
ratios  between  "free"  and  "combined"  ammonia  were  deter- 
mined in  solutions  of  copper  sulphate  to  which  an  excess  of 
ammonia  had  been  added.  In  determining  the  free  am- 
monia they  took  advantage  of  a  method  previously  used  by 
Hantzsch  and  Sebaldt^  and  found  the  amounts  extracted  when 
the  solutions  were  shaken  with  chloroform. 

At  the  close  of  this  recent  paper,  the  author  says  "although 
the  exact  nature  of  the  changes  is  not  yet  known,  yet  the  experi- 
mental facts  are  in  agreement  with  the  equations. 

CUSO4  +  2NH,0H     =     Cu(0H)2  +  (NHJ,S04; 
Cu(OH),  +  WNH3     ^     CunNH^COH),; 
CuwNH3(OH)2  +  (NHJjSO,    ^ 

Cu(NH3),S04  +  (w  — 2)NH3  +  2H2O, 

n  being  less  than  4  and  probably  equal  to  2.  It  is  hoped  that 
experiments  in  progress  will  throw  further  light  on  the  nature 
of  the  complex  system."  The  experiments  to  be  described  in 
this  paper  were  carried  out  to  determine  the  exact  nature  of 
one  of  the  changes  referred  to. 

After  careful  study  of  the  compound  CuSO4.4NH3.H2O  it  was 
apparent  that  the  behavior  of  a  solution  of  this  compound  at 

»  J.  Chem.  Soc,  89,  1666  (1906). 

'  Ibid.,  77,  1239  (1900) ;  79,  493,  1069,  1072  (1901). 

8  Z.  physik.  Chem.,  30,  258  (1899). 
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o.  I  N  concentration  was  different  from  that  of  a  solution  of  the 
same  concentration  prepared  by  adding  the  necessary  amount  of 
ammonia  to  a  o.  i  N  solution  of  copper  sulphate.*  This  difference 
in  behavior  was  particularly  interesting  because  in  all  the  phys- 
cal-chemical  studies  bearing  on  the  nature  of  ammoniacal 
copper  sulphate  solutions  made  up  to  that  time,  the  solutions 
had  been  prepared  from  copper  sulphate  solutions  by  adding 
ammonia.^  For  this  reason  the  experiments  described  in  the 
previous  paper  were  carried  somewhat  further.  The  results 
acquire  a  fresh  interest  since  Dawson,  in  his  most  recent  work, 
has  examined  two  o .  i  N  solutions  of  the  compound CUSO4.4NH3. 
H2O,  and  has  found  that  "the  data  agree  satisfactorily  with 
those  obtained  in  the  examination  of  solutions  containing  larger 
quantities  of  ammonia,"  i.  e.,  solutions  prepared  by  adding  an 
excess  of  ammonia  to  solutions  of  copper  sulphate.  Of  these 
latter  solutions  the  one  that  contained  least  ammonia  had  in  it 
5 .  48  mols.  NH3  to  I  atom  Cu. 

The  Change  in  ao.i  N  Cuprammonium  Sulphate  Solution. 

If  a  solution  of  copper  sulphate  is  prepared  and  ammonia  and 
water  added  to  it  until  the  concentration  with  respect  t  o  copper 
is  0.1  N  and  to  ammonia  0.4  N,  the  solution  may  be  kept  in  a 
stoppered  bottle  at  least  a  year  without  any  apparent  change 
taking  place  in  the  solution.  If  a  solution  of  the  compound 
CuSO4.4NH3.H2O  that  is  0.1  N  with  respect  to  copper,  is  kept  un- 
der the  same  conditions  it  begins  to  deposit  a  crystalline  blue 
substance  in  visible  quantity  after  about  32  hours.  This  de- 
position continues  for  some  time,  but  if  some  of  the  solution  is 
filtered  after  a  couple  of  months  it  furnishes  no  more  deposit 
though  kept  a  year  afterward,  even  when  in  contact  with  a  small 
amount  of  the  crystallized  blue  substance. 

The  change  that  occurs  in  solutions  of  the  compound  CuSO^. 
4NH3.H2O  is  not  due  to  any  inherent  instability  in  this  com- 
pound itself.     The  compound  may  be  kept  in  a  desiccator  over 

»  Horn  and  Taylor:  This  Journal,  32,  279ff. 

2  Reychler:  Ber.  d.  chem.  Ges.,  28,  555  (1895).  Konowaloff:  J.  Russ.  Phys.  Chem. 
Soc,  31,  910  (1899);  Centxalbl.,  1900,  1,  938.  Gans:  Z.  anorg.  Chem.,  25,  236  (1900). 
Dawson  and  McCrea  :  Loc.  ctt.  (1900,  1901).  Bonzat:  Ann.  Chim.  Phys.  [7],  29,  305 
(1903).  Locke  and  Forssall:  This  Journal,  31,  268  (1904).  vide  also  Blanchard: 
J.  Am.  Chem.  Soc,  26,  1315  (1904).     Bonsdorff:    Z.  anorg.  Chem.,  41,  132  (1904). 
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lime  at  least  a  year.     The  percentages  found  upon  analysis  of 
a  specimen  thus  kept  were : 

Cu  25.85  25.87  25.88 

NH3  27.74  27.82  27.77 

The  percentages  required  by  the  formula  are  25.86  and  27.75 
respectively.^  It  may  be  kept  in  a  desiccator  over  phosphorus 
pentoxide  at  least  a  week;  0.80753  gram  was  placed  in  a  weigh- 
ing tube  previously  dried  to  constant  weight  over  the  pentoxide. 
The  total  weight  was  12.28788  grams.  After  the  open  tube  con- 
taining the  compound  had  been  in  a  desiccator  with  pentoxide 
a  week,  the  total  weight  was  12.28793  grams.  Therefore  the 
tensions  of  ammonia  and  water  over  the  compound  are  practi- 
cally nil,  and  for  a  hydrated  salt  and  an  ammonia  compound  of 
copper  this  cuprammonium  sulphate  is  exceptionally  stable. 

When  the  solid  is  exposed  to  water,  even  the  water-vapor  in 
the  air,  it  begins  to  evolve  ammonia  at  once.  In  the  air, 
white  fumes  of  ammonium  chloride  are  formed  as  soon  as  a 
rod  moistened  with  a  solution  of  hydrochloric  acid  is  brought 
over  the  salt,  and  the  odor  of  ammonia  is  appreciable  within 
a  minute  or  two. 

In  a  solution  of  the  salt  a  change  must,  then,  begin  immedi- 
ately. It  was  shown  in  the  previous  paper  that  a  change  goes 
on  for  some  time  in  the  solution.  This  change  with  time  has 
since  been  studied  more  closely. 

A  o.i  N  solution  of  the  compound  was  prepared  by  weighing 
the  compound  in  a  calibrated  measuring-flask,  and  later  adding 
water  gradually  while  the  flask  was  shaken.  The  exact  strength 
of  the  solution  was  o .  0998  N.  Several  portions  of  the  solution 
were  sealed  up  in  glass  tubes  and  kept  at  constant  temperature 
in  a  bath.  A  tube  was  removed  at  regular  intervals  and  its 
contents  examined.  The  examination  consisted  in  titrating  the 
solution  into  a  standard  acid,  taking  as  end  reactions  the  forma- 
tion of  a  permanent  precipitate  and  the  acidity  as;indicated  by 
methyl  orange.  These  end  reactions  have  been  discussed  in 
a  previous  paper.  ^    Since  then  it  has  been  shown  that  these 

'  Horn  and  Taylor:  Loc  cil.,  p.  267. 
'  Loc.  cil.,  p.  28 Iff. 
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end  reactions  are  characteristic  of  cuprammonium  sulphate 
throughout  a  wide  range  of  concentration.  It  will  be  seen 
from  columns  V.  and  VI.  in  the  following  table  that  the  end  re- 
actions are  independent  of  the  concentration  between  o .  5  N 
and  0.05  N. 

Table  I. 


1 

0     ' 

11 

1 

n 
X 

0 

a 

b« 

a  3 

-0 

So 

Cc.    acid    required 
by  I  cc.  solution  to 
produce  end  reac- 
tion by   precipita- 
tion. 

Cc.    acid  required 
by  I  cc.  solution  to 
produce  end  reac- 
tion   by   methyl 
orange. 

By    precipitation, 
molecules  (of    am- 
monia neutralized 
for  every    i   gram 
atom  of  Cu  added 
to  acid. 

So 

!l 

«s 

•SB'S 
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I. 

II. 

III. 

IV. 

V. 

VI. 

I 

2.006 

9.023 

9  348 
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3-999 

2 

1.998 

9.024 

9.340 

3 

.845 

3 

.980 

3 

5015 

3.615 

3.710 

3 

.865 

3 

.967 

4 

4.996 

3.621 

3.720 

3 

.858 

3 

.963 

5 

7.518 

2.398 

2.479 

3 

.844 

3 

.974 

6 

7.514 

2.401 

2.488 

3 

.847 

3 

.986 

7 

10.032 

1.809 

1.855 

3 

.869 

3 

.968 

8 

10.026 

I. 810 

1.856 

3 

.869 

3 

.968 

9 

13-333 

1.357 

1.392 

3 

•857 

3 

.956 

ID 

14.953 

I. 212 

1.247 

3 

.865 

3 

.976 

II 

15.236 

I.  195 

I  .221 

3 

.882 

3 

.967 

12 

20.003 

0.912 

0.933 

3 

.894 

3 

.984 

13 

19.990 

0.912 

0.935 

3 

.878 

3 

.976 

Using  these  end 

reactions, 

the  changes  observed 

in  the  o.i  N 

solution  of  the  compound  CUSO4.4NH 

.HjO,  kept  at  23°.6  ± 

o°.i,  were  as  follows: 

Table  II. 

Cc.  precipi- 

Cc. methyl      XNH3:iCu 

X  NH3  : 1  Cu 

No. 

Time. 

tation. 

orange.        precipitation,  methyl  orange. 

Hours. 

I. 

II. 

III. 

IV. 

V. 

VI. 

I 

0 

I. 915 

1.971 

3.865 

3.978 

2 

8.5 

1.909 

1.950 

3. 

S52 

3- 

538 

3 

20 

5 

1.893 

1.948 

3. 

S20 

3- 

931 

4* 

32 

5* 

1.896* 

1.952* 

3. 

B26* 

3- 

539* 

5 

44 

5 

1.880 

I  .920 

3. 

794 

3- 

375 

6 

56 

5 

1.354 

I  .922 

3. 

741 

3- 

378 

7 

68 

5 

I. 831 

1.869 

3. 

595 

3- 

772 

8 

80 

5 

1.795 

1.847 

3. 

522 

3- 

727 
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The  figures  in  the  several  columns  have  the  same  meaning 
as  in  Table  I.,  except  those  in  column  II.,  which  refer  to  the 
time  between  the  preparation  of  the  solution  and  its  analysis. 
The  asterisks  indicate  the  time  when  a  deposit  of  the  blue 
crystallized  substance  was  first  noticed. 

The  results  in  Table  11.  show  that  a  gradual  change  con- 
tinues for  some  time  in  the  solution,  and  that  during  that  time 
the  crystalHzed  blue  product  appears. 

Composition  of  the  "  Crystallized  Blue  Substance." 

To  obtain  a  fair  amount  of  this  product,  5  liters  of  o.i  N 
solution  were  prepared  and  allowed  to  stand  in  the  dark  for 
one  year.  The  product,  when  separated,  was  pressed  gently 
between  filter  papers  to  remove  adhering  mother  liquor,  and 
dried  for  a  week  over  lime.  It  was  analyzed  by  methods  that 
have  been  described  in  detail.^     The  results  follow  (p.  480). 

These  analyses  require  some  discussion.  There  is,  of  course, 
no  difficulty  in  determining  the  copper  by  Rose's  method,  but 
the  quantitative  separation  of  sulphuric  acid  from  copper  is 
extremely  difficult,  although  the  same  constituents  are  sepa- 
rated readily  b}^  the  same  method  when  the  compound  analyzed 
is  CuSO4.4NH3.H2O.  Every  attempt  made  to  accomplish  this 
separation  when  the  blue  basic  salt  was  in  acid  solution  before 
it  was  added  to  the  potassium  hydroxide  failed  even  when  the 
basic  salt  was  dissolved  in  concentrated  hydrochloric  acid  and 
digested  with  it  hot  for  several  hours  and  in  the  cold  for  24  hours. 
Although  dissolved,  the  sulphuric  acid  and  copper  do  not  seem  to 
separate,  at  least  entirely,  from  their  former  union  in  the  dry  salt. 
If  the  basic  salt  is  dissolved  in  concentrated  ammonia  water,  the 
difficulty  in  separation  disappears.  This  is  not  due  simply 
to  the  alkaUnity  of  the  solvent,  for  when  an  acid  solution  of  the 
basic  salt  is  mixed  and  digested  for  several  hours  with  a  boiling 
solution  of  potassium  hydroxide,  the  copper  hydroxide  precip- 
itate persistently  retains  sulphuric  acid.  Analyses  8  and  9  for 
ammonia  are  to  be  given  preference  to  6  and  7,  for  in  6  and  7 
only  about  5  cc.  of  standard  acid  were  neutralized  in  the  dis- 
tillations with  sodium  hydroxide,  and  this  is  a  small  quantity 

1  Horn  and  Taylor:  Loc.  cit.,  p.  254-61. 
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over  which  to  distribute  the  necessary  error  in  the  volumetric 
work.  Analysis  10  involved  an  attempt  to  drive  off  the  am- 
monia and  water  and  determine  them  separately  in  the  mixed 
vapor.  The  basic  salt  had  to  be  heated  with  lead  oxide  to  re- 
tain its  sulphuric  acid.  Either  this  lead  oxide,  or  the  copper 
oxide  of  the  salt,  or  the  oxygen  of  the  air  passed  through  the 
heated  tube  oxidized  part  of  the  ammonia,  or  else  part  of  the 
ammonia  was  broken  down  and  left  the  compound  as  nitrogen 
when  the  compound  was  heated.  Only  5.22  per  cent  out  of 
a  total  8.69  per  cent  appeared  as  ammonia  and  was  absorbed 
by  the  dilute  sulphuric  acid  in  the  absorption  apparatus,  i.  e., 
only  about  o. 6  of  the  total.  A  reducing  action  of  the  escaping 
ammonia  when  similar  basic  cuprammonium  salts  are  heated 
has  already  been  suggested  by  Pickering.^  However,  the  total 
loss  in  weight  of  the  boat  was  23.37  per  cent  of  the  weight  of  the 
original  salt.  This  must  represent  very  nearly  the  sum  of  the 
weight  of  water  and  ammonia  originally  in  the  salt,  for  the  loss 
in  weight  that  would  occur  if  the  ammonia  oxidized  were  all 
oxidized  at  the  expense  of  the  copper  oxide  is  negligible,  inas- 
much as  the  total  ammonia  oxidized  is  only  0.035  of  the  total 
weight  of  the  salt  heated.  Subtracting  from  this  loss  in  weight 
the  percentage  of  ammonia  found  by  distillation,  the  percentage 
of  water  is  found  to  be  14 .  68.  If  the  sum  of  the  percentages  of 
CuO,  SO3  and  NH3  are  subtracted  from  100,  the  percentage  of 
water  is  found  to  be  14. 50.  It  is  fair  to  assume,  then,  that 
the  basic  salt  contains  about  14.7  per  cent  water.  As  com- 
pared with  the  calculated  values  colutnn  V.,  Table  III-,  this  per- 
centage is  low.  This  is  to  be  expected  since  the  percentage 
of  SO3  is  high.  When  the  difficulties  in  the  analyses  are  con- 
sidered, the  variation  is  not  great  in  either  case. 

The  analytical  results  lead  to  a  formula  so  complex  that  it 
was  adopted  most  reluctantly.  It  is  retained  as  the  only  form- 
ula that  satisfies  the  requirements  of  other  experimental  data 
to  be  given  later,  as  well  as  the  analytical  results  in  Table  III. 
This  formula  is  4CUO.SO3.2V3NH3.4V3H2O. 

The  Residual  Copper  in  the  Solution. 

"When  the  original  o.  i  N  solution  had  been  kept  about  2  months 

^  J.  Chem.  Soc,  43,  399  (1883). 
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and  had  deposited  the  blue  basic  salt,  some  of  the  clear  superna- 
tant liquid  was  siphoned  off  and  divided  into  two  parts.  One  part 
was  kept  by  itself  in  a  bottle  for  over  a  year.  The  other  part 
was  kept  the  same  length  of  time  in  another  bottle  in  contact 
with  a  small  quantity  of  the  crystallized  basic  salt.  In  neither 
was  more  basic  salt  deposited.  Therefore,  the  change  by  which 
the  basic  salt  was  produced  had  reached  a  definite  limit  with 
time. 

In  order  to  find  out  how  much  basic  salt  had  been  formed, 
the  solution  from  which  it  had  been  deposited  was  analyzed 
for  copper.     The  results  follow : 


Weight  of 
solution 
taken  for 
analysis. 
Gram. 

21.1588 

21.1545 

Weight 
of  CujS 
found. 
Gram. 

0.  1 1  199 

0.  1 1080 

Weight  of 
Cu  in  I 
gram  of 

solution. 
Gram. 

Volume  of 
solution 
taken  for 
analysis, 
cc. 

21.075 

21.075 

Sp.  gr.  of 

solution 

referred  to 

water  at  4°. 

I .0055 

1.0057 

Average,     21.1566     o. 11 139     0.004205     21.075     1.0056 

The  solution  was  measured  from  a  carefully  calibrated  25  cc. 
burette,  from  o  to  the  21  cc.  mark.  The  delivering  capacity 
of  the  burette  to  this  mark  was  21.075  cc.  of  water  at  20°. 
The  specific  gravity  of  the  solution  was  calculated ,  using  Ro- 
setti's  value,  0.998259,  for  the  density  of  water  at  20°  referred 
to  water  at  4°.  One  liter  of  the  filtered  solution  weighed  1005 . 6 
grams  and  contained  4. 2288  grams  of  copper.  One  liter  of  the 
original  0.1  N  solution  contained  6 .  36  grams  of  copper.  There- 
fore, 0.665  or  ^/g  represents  the  fraction  of  the  original  copper 
that  has  remained  in  the  solution,  and  V3  the  fraction  deposited 
as  basic  salt. 

It  was  desirable  to  determine  in  what  form  the  ^/gof  the  orig- 
inal copper  existed  in  the  filtered  solution.  It  is,  of  course,  im- 
possible to  do  this  if  the  problem  is  construed  in  its  strictest 
sense.  But  it  was  found  that  very  nearly  all  of  the  residual 
copper  is  separated  as  a  crystalline  compound  upon  the  ad- 
dition of  alcohol.  As  judged  by  its  color  the  copper  not  thus 
separated  is  very  small  and  may  fairly  be  assumed  to  be  due 
to  the  quantity  of  crystaUized  compound  required  to  saturate 
the  alcoholic  mother  liquor. 
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This  compound  appears  in  fine  needles  that  have  a  blue  color 
approaching  to  that  of  the  lilac.  Its  appearance  is  not  suggestive 
of  any  cuprammoniuni  compound  known  in  this  laboratory. 
The  following  were  found  to  be  the  best  conditions  for  its  prep- 
aration : 

Two  hundred  cc.  of  the  liydrolyzed  solution  were  placed  in  a 
narrow  bottle  and  an  efficient  form  of  glass  stirring- rod  was  rotated 
rapidly  about  the  axis  of  the  bottle  by  means  of  a  Rabe  turbine ; 
250  cc.  of  95  percent  alcohol  were  added  from  a  pipette,  requir- 
ing about  3  minutes  for  addition.  The  stirring  was  continued 
about  half  a  minute  after  the  alcohol  had  been  added.  The 
liquid,  which  was  slightly  turbid,  was  set  aside,  and  soon  began 
to  depsiot  brilliant,  fine  needles.  After  16  hours  these  crystals 
were  collected,  gently  pressed  between  filter  papers  until  almost 
dry,  and  finally  put  between  fresh  papers  in  a  screw  press.  As 
soon  as  dry,  they  were  weighed  for  analysis.  This  substance 
and  the  basic  salt  form  a  compact  cake  if  pressed  hard  when 
wet,  and  when  this  has  form^ed  the  compound  cannot  be  dried 
before  it  has  decomposed.  The  following  are  analyses  of  two 
different  specimens  (see  p.  484). 

In  spite  of  its  unusual  appearance,  this  crystallized  lilac 
compound  had  the  composition  of  ordinary  cuprammonium 
sulphate,  CuSO4.4NH3.H2O.  It  contained  a  little  basic  salt — 
perhaps  the  cause  of  the  tubidity  that  existed  before  the  crystals 
were  formed. 

The  Residual  Sulphuric  Acid  in  the  Solution. 

Since  V3  of  the  original  cuprammoniuni  sulphate  had  been  con- 
verted into  the  compound  4CuO.SO3.2V3NH3.4i/3H2O  and  Vs 
was  recovered  in  the  original  form,  V4  of  the  total  SO3  must 
have  remained  in  the  solution  in  some  other  form.  The  solu- 
tion always  had  the  odor  of  ammonia  and,  therefore,  always 
contained  free  ammonia,  so  that  it  is  likely  that  this  Y^  of  the  SO3 
formed  ammonia  sulphate  as  rapidly  as  it  was  set  free. 

The  Chemical  Equation. 

The  equation  that  represents  all  of  the  facts  thus  far  presented 
that  bear  upon  the  quantities  involved  in  the  change  is 
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36(CuSO,.4NH3.H,0)  +  H,0     = 

12CUO.3SO3.8NH3.13H2O  +  24(CuSO,.4NH3.H20)  + 

9(NHj;SOr+"28NH3. 

The  dotted  line  indicates  that  the  substance  thus  marked  is  ob- 
tained upon  the  addition  of  alcohol. 

As  will  be  readily  seen  from  the  equation,  ammonia  exists  in 
three  different  forms  in  the  solution  after  the  basic  salt  has 
•separated.  To  designate  these  I  shall  use  the  terms  free,  nuclear 
and  combined.  Locke  has  referred  to  the  ammonia  combined 
with  copper  as  "burned,"  but  this  does  not  suggest,  as  does  the 
word^^nticlear ,  that  the  ammonia  referred  to  exists  in  a  complex. 
Dawson  refers  to  the  same  as  "combined,"  but  this  serves  better 
to  designate  the  condition  in  ammonium  sulphate  or  other 
.ammonium  salt. 

The  equation  could  be  tesed  by  determining  the  free  ammonia 
in  the  solution  after  the  change  was  complete  but  there  is,  at 
present,  no  exact  method  for  making  this  determination  when 
mLclear  ammonia  is  also  present.  Consequently,  the  equation 
was  tested  by  determining  the  combined  ammonia. 

As  the  average  of  2  analyses  21.121  grams  of  the  solution 
yielded  0.0061884  gram  corresponding  to  6 .  22  grams  per  litre — 
the  sum  of  the  free,  nuclear  and  combined  ammonia. 

As  the  average  of  3  titrations,  i  litre  of  the  solution  contained 
5  ■  333  grams — the  apparent  sum  of  the  free  and  nuclear  ammonia. 
This  result  is  low,  of  course,  since  methyl  orange  indicates  but 
3 .  97  out  of  every  4  molecules  of  nuclear  ammonia  (see  Table  I.). 
Although  slightly  low  it  must  lie  near  the  true  value. 

From  the  difference  between  these  2  sums  the  combined  am- 
monia is  0.89  gram  per  liter,  and  the  corresponding  value  cal- 
culated from  the  equation  is  o .  85  gram  per  liter. 

If  it  be  assumed  that  for  every  copper  atom  in  the  solution 
there  are  4  molecules  of  nuclear  ammonia,  and  on  this  assump- 
tion the  value  found  by  titration  is  corrected,  the  experimental 
value  for  the  combined  ammonia  becomes  0.85  gram  per  liter. 
The  only  ground  for  this  assumption  is  the  fact  that  prac- 
tically all  the  copper  in  the  hydrolyzed  solution  separates  as 
the  compound,  CuSO4.4NH3.H2O,  upon  the  addition  of  alcohol. 
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and  in  the  closer  agreement  between  experiment  and  the  equation. 
The  assumption  is  unnecessary,  but  the  vahte  o .  85  gram  calcu- 
lated upon  it  is  useful  in  showing  that  if  the  methyl  orange 
indicated  all  the  nvclear  ammonia,  instead  of  3.97  out  of  every 
4  molecules,  the  experimental  value  for  the  comtm^d  ammonia 
would  agree  very  closely  with  that  calculated  from  the  equation. 

The  analytical  values,  whose  difference  gives  the  combined 
ammonia,  are  both  low.  But  they  are  equally  low,  which  in- 
dicates the  loss  of  free  ammonia  by  the  solution  before  analysis. 
As  pointed  out,  the  value  for  the  combined  ammonia  is  independ- 
ent of  this  loss  of  free  ammonia.  The  loss  is  probably  accounted 
for  by  the  laboratory  records  which  show  that  the  o.i  N  solutionu 
was  made  December  4,  1903 ;  the  basic  salt  was  analyzed  Febru- 
ary, 1905;  the  lilac  salt.  May,  1905,  and  January,  1906;  and  the 
solution  at  the  end  of  January,  1906. 

There  are,  in  all,  3  equations  that  approximately  satisfy  the 
requirements  of  the  experiments,  viz., 

36(CuSO,.4NH3.H20)  +  H2O     = 

12CUO.3SO3.8NH3.13H2O  +  24(CuS04.4NH3.H20)  -f 

9(NH4),S07+  28NH3; 

i2(CuS04.4NH3.H,0)  +  H2O     = 

4CuO.SO3.2NH3.5H2b  +  8(CuSO,.4NH3.H,0)  + 

3(NH7)2SOr+8NH3; 

i2(CuS04.4NH3.H20)     -= 

4CuO.SO3.3NH3.4H2O  +  8(CuS04.4NH3.H,0)  + 

3(N"H7)2S6r+  7NH3, 

The  only  ways  to  determine  which  of  these  is  the  correct  one 
are  by  determination  of  the  free  ammonia,  and  by  the  analysis 
of  the  basic  salt.  In  the  absence  of  an  exact  method  for  deter- 
mining free  ammonia  in  such  cases,  the  composition  of  the  basic 
salt  must  be  the  criterion.  A  comparison  of  the  results  of  the 
analysis  of  the  basic  salt  with  the  requirements  of  the  several 
formulae  follows: 


Cuprammonium  Salts. 


487 


Calculated  for 

Calculated  for 

Calculated  for 

4CUO.SO3. 

4CUO.SO3. 

4CUO.SO3. 

Pound. 

22/3NH3.4I/3H0O. 

2NH3.5H2O. 

3NH3.4H2O. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

CuO 

61  .00 

61  .00 

60.92 

61.03 

SO3 

15.81 

15 -34 

15.32 

1535 

NH3 

8.69 

8.69 

6.53 

9.81 

H2O 

14.68 

14.96 

17.23 

13.81 

The  substance  4CuO.SO3.2NH3.5H2O  has  already  been  de- 
scribed by  Pickering.^ 

The  formula  4CUO.SO3  2  V3  NH3.4V3H20is  the  only  one  that  is 
in  accord  with  all  the  data  obtainable.  This  formula  is  like  some 
that  have  had  to  be  adopted  in  other  cases  in  order  to  account  for 
the  experimental  data.  Evidence  is  steadily  accumulating,  prov- 
ing that  metal-ammonia  compounds  of  considerable  complexity 
are  not  uncommon.  They  occur  frequently  among  cobalt^ 
and  chromium  compounds.^  Among  copper-ammonia  com- 
pounds, T.  W.  Richards  and  Shaw  have  found  ^  that  the  sub- 
stance described  by  Rammelsberg^  as  CuBr2.3NH3  must  be  rep- 
resented asCuBr2.3V3  NH3  and  Kohlschiitter*  has  analyzed  the 
analogous  iodide,  CUI2.3V3NH3.  Kohlschiitter  represents  these 
compounds  as 


I 


2^cu<; 

I        \(NH3)3l 


Cu(NH3),l2    } 


and 


.Br 


Cu 


\ 


(NH,)3Br 


Cu(NH3),Br,   } 


-following  the  general  methods  of  representation  used  by  Jorgensen 
and  Werner.  In  an  analogous  way,  this  basic  salt  may  be 
represented  as 


•  Loc.  cit. 

2  Jorgensen:  Z.  anorg.  Chem.,  5,  147  (1894). 

5  Pfeiffer:  Ann.  Chem.  (Liebig),  342,  283  (1905). 

*  This  Journal,  15,  651  (1893). 

6  Pogg.  Ann.,  66,  247  (1842). 

6  Ber.  d.  chem.  Ges.  37.  1157  (1904). 
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^[[(Cu7^->').S0.|,3Cu(0hI| 


In  addition  to  the  experimental  facts  set  forth  in  the  equation^ 
there  are  one  or  two  others  that  should  be  given  as  bearing  upon 
the  changes  in  ammoniacal  copper  solutions.  When  a  solution, 
prepared  by  adding  water  and  ammonia  to  dissolved  copper  sul- 
phate until  it  was  o.i N  with  respect  to  copper  and  0.4  N  with, 
respect  to  ammonia,  had  been  kept  a  year,  the  addition  of  some 
finely  ground  basic  salt,  4CuO.S03  2^/3NH3.4V3H20,  produced  no 
apparent  effect.  When  a  solution  prepared  in  the  same  way  was 
treated  with  a  little  of  the  basic  salt  immediatel}'-  after  the  solu- 
tion had  been  made,  it  deposited  a  very  considerable  quantity 
of  the  basic  salt  within  24  hours.  It  is  possible  that  the  solu- 
tions made  from  cuprammonium  sulphate  deposit  this  same  basic 
salt  as  a  result  of  the  formation  of  a  minute  quantity  of  it 
when  the  water  was  added  in  making  the  solutions.  The  turbidity 
that  is  produced  while  these  solutions  are  being  made  apparently 
disappears  upon  thorough  mixing,  but  a  quantity  of  solid  suffi- 
cient to  "seed"  the  solution  might  escape  observation.  Dawson 
speaks  of  a  small  amount  of  the  copper  as  present  in  the  solutions 
freshly  made  from  cuprammonium  sulphate  in  the  form  of 
"colloidal  or  suspended  copper  hydroxide"  and  it  may  be  that 
this  is  the  solid  basic  salt  that  starts  the  deposition. 

Thebasicsalt4CuO.SO3.22/3NH3.4V3H2Ois soluble  in  sufficiently 
concentrated  ammonia  water,  so  that  it  would  not  deposit  from 
solutions  containing  a  considerable  excess  of  ammonia.  It  is 
deposited,  however,  when  the  excess  of  ammonia  is  small. 
I  have  obtained  it  from  solutions  in  which  the  ratios  of  copper 
to  ammonia  were  i  :4.o75  and  i  :  4.  i,  respectively,  but  I  have 
not  carried  the  experiments  further. 

The  data  in  this  paper  leave  no  doubt  that,  imder  ordinary 
conditions,  the  behavior  of  a  freshly  prepared  o .  i  N  solution 
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■of  cuprammonium  sulphate  is  dififereut  from  the  behavior  of  a 
solution  of  the  same  strength  prepared  from  copper  sulphate 
and  ammonia. 

The  lilac  and  the  purple  cuprammonium  sulphates  may  not 
be  identical.  Cases  better  adapted  to  determining  whether 
or  not  isomerism  occurs  in  such  compounds  are  at  present 
Tinder  study. 

Chemical  Laboratory, 

Bryn  Mawr  College, 

January,  1907. 


^  ON    THE    HYDROLYSIS    OF    AMIDES    BY    ACIDS. 

FIFTH   COMMUNICATION  ON  CATALYSIS. 
By  S.  F.  Agree  and  Sidney  Nirdlinger. 

[We  are  indebted  to  the  Carnegie  Institution  of  Washington 
for  aid  in  this  work,] 

From  the  work  of  Ostwald^  and  of  Remsen  and  Reid^  it  has 
been  known  that  while  amides  are  changed  extremely  slowly  by 
water  they  are  saponified  comparatively  rapidly  in  aqueous 
solutions  of  acids,  and  that  the  velocity  of  the  reaction  is  pro- 
portional to  the  concentration  of  the  amide  and  of  the  hydro- 
gen ions.  Furthermore,  the  amides  are  weak  bases  and  form 
salts.  In  dilute  aqueous  solutions,  however,  these  salts  are 
so  nearly  completely  hydrolyzed  that  only  a  small  amount  of 
salt  exists  in  equilibrium  with  the  amides  and  the  acid.  It 
has  been  suspected  for  some  time  by  Kastle,^  Stieglitz^  and  by 
Acree^  that  in  the  saponification  of  amides  by  acids  we  are 
dealing  with  catalytic  reactions  entirely  analogous  to  the  in- 
version of  cane-sugar,  formation  and  saponification  of  esters, 
"hydrolysis  of  oximes,  etc.  It  is  thought  that  all  these 
catalytic  reactions  involve  the  primary  union  of  the  acid  with 
the  weak  base  (amide,  ester,  organic  acid,  cane-sugar)  and  the 
subsequent  saponification  of  this  intermediate  salt  by  water 
(alcohol). 

1  J.  prakt.  Chem.,  135,  1. 

2  This  Journal,  21,  281.     Reid:  Ihid.,  24,  397. 

»  This  Journal,  19,  894.     P.  Am.  Assn.  Adv.  Sci.,  47,  238. 

*  Congress  of  Arts  and  Sciences,  St.  Louis,  1904,  Vol.  4,  p.  276. 

SAcree  and  Johnson:  This  Journal,  S7,  410;  38,  258. 
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This  idea  of  catalysis  through  intermediate  salt  formation 
explains  the  direct  proportionality  between  reaction  velocity 
and  concentration  of  hydrogen  ions  on  the  one  hand  and  the 
concentration  of  the  intermediate  salt  and  the  concentration 
of  hydrogen  ions  on  the  other  hand,  as  has  been  thoroughly 
discussed  in  the  preceding  article  by  Acree  and  Johnson. ^ 
With  the  idea  of  applying  this  hypothesis  quantitatively  to 
the  saponification  of  amides,  we  have  taken  up  the  study  of 
the  hydrolysis  af  acetamide  by  hydrochloric  acid. 

In  a  solution  containing  A  gram  molecules  of  acetamide 
per  liter  and  B  gram  molecules  of  hydrochloric  acid  per  lite"r 
the  amount  of  salt  formed  can  be  readily  calculated  from  the 
equation  worked  out  by  Arrhenius,^  Walker/  and  Shields/  and 
can  be  represented  by  the  equation: 

CH3CONH2  +  H  +  Ci     ^     CH3CONH3  +  CI. 

(A->/)(B-y)    =     KHy,y    =     ^y  (i> 

in  which  y  is  the  concentration  of  the  small  amount  of  dis- 
sociated salt  formed,  (A — y)  the  concentration  of  the  acetamide 
and  (B — y)  that  of  the  hydrogen  ions,  when  equilibrium  is 
established,  K^  the  affinity  constant  of  the  base  and  K^^  the 
ion  product  of  water  at  the  temperature.  That  the  acetamide 
actually  does  unite  with  the  hydrogen  ions  and  form  the  salt 
is  shown  by  the  data  in  Table  XVII.  The  conductivity  of 
o.i  normal  hydrochloric  acid  was  continually  lowered  by  the 
addition  of  successive  amounts  of  acetamide.  The  con- 
centration of  the  amount  of  the  undissociated  salt  is  so  small 
in  comparison  with  y,  since  the  solution  of  the  salt  is  very  dilute, 
that  it  may  be  neglected  at  present.  During  the  course  of 
the  reaction,  when  the  concentrations  of  the  acetamide  and  of 
the  hydrogen  ions  have  been  decreased  by  the  amount  x, 
equation  (i)  assumes  the  form 

»  This  Journal,  38,  258. 

2  Z.  physik.  Chem.,  5,  1 ;  13,  407. 

»  Ibid..  4,  319;  32,  137.    J.  Chem.  Soc,  77,  5. 

*  Z.  physik.  Chem.,  12,  167. 
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{K  —  x~y){-Q-x  —  y)     =     Khyd  y.  (2) 

When  the  base  is  very  weak,  as  is  the  case  with  esters,  cane- 
sugar  and  many  amides,  y  is  so  small  in  comparison  with  (A — x) 
and  (B — x)  that  equation  (2)  can  be  written  in  form  of  equa- 
tion (3)  without  much  error,  and  the  value  of  y  can  be  approx- 
imately calculated  very  easily.  It  can  always  be  rigidly  cal- 
culated, 

(A-^)(B-^)     =     Kkyiy.  (3) 

however,  provided  the  conditions  of  equation  (i)  are  known. 
If  now,  the  salt  y  is  the  substance  hydrolyzed  the  velocity  of 
transformation  of  the  acetamide  must  always  be  strictly  pro- 
portional  to    y  according    to    equation   (4) 

—^       =       Kiransy   X    (Cff^o  —  X)  (4) 


the  concentration  of  the  water  at  the  moment  con- 
sidered. But  — dy,  the  small  amount  of  salt  transformed 
in  dt,  is  exactly  equivalent  to  dx,  the  small  amount  each 
of  acetamide,  h^^drogen  ions,  and  of  water  used  in  forming 
the  end  products  produced  in  dt.  Furthermore,  reaction  (i) 
or  (3)  is  the  neutralization  of  a  base  by  an  acid,  and  this  takes 
place  practically  instantaneously  in  comparison  with  the  sa- 
ponification reaction  (4).  The  value  of  y,  however,  can  not 
be  determined  unless  the  affinity  constant  of  the  acetamide  is 
known.  This  has  been  studied  by  Walker,^  but  the  use  of  Walk- 
er's value  did  not  give  satisfactory  results,  and  we  shall  re- 
determine this  value.  We  can,  however,  substitute  a  value 
involving  A,  B,  and  x  which  is  always  approximately  equiv- 
alent to  y,  and  hence  avoid  the  use  of  y,  the  real  value  of 
which  is  not  known.  We  may,  therefore,  substitute  at  any 
moment  for  — dy  and  y  in  (4)  the  corresponding  values  in  equa- 
tion (3),  involving  x,  and  we  then  obtain 

^     =     ^^^r^(^A-xKB-xKC^,o-x).        (5) 

»  Z.  physik.  Chem.,  4,  319. 
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If  the  solutions  are  dilute  {C^f^Q  —  x)  is  practically  constant  and 
then  we  obtain  equation  (6)  instead  of  equation  (5) : 

^=K(A_.)(B-.)or^^^^log|^  =  K      (6) 

When  A  and  B  are  equivalent  equation  (6)  is  replaced  by 
equation  (7) 

%     =     K(A-.)(A-.)     or     ^^^4^         =     K.    (7) 

Equations  (6)  and  (7)  have  been  found  to  hold  very  well  ex- 
perimentally, and  hence  we  have  excellent  quantitative  evi- 
dence that  the  hydrolysis  of  acetamide  by  aqueous  solutions 
of  acid  takes  place  through  the  primary  formation  of  the  acet- 

+ 
amide    cathion,   CH3CONH3,  and  the    subsequent    hydrolysis 

of  this  salt. 

But  we  can  go  a  step  further  and  show  that  the  quantitative 
evidence  obtained  is  not  in  harmony  with  the  idea  that  an  inter- 
mediate undissociated  acetamide  hydrochloride^  is  the  chief 
substance  that  yields  the  end  product.  The  complex  acet- 
amide cathion  and  the  chloride  ions  are  in  equiHbrium  with 
the  undissociated  salt,  as  expressed  in  equation  (8) 

CH3CONH3  +  CI     ^     CH3CONH3CI, 
or 

(y  —  2)  (  Ca  —z)     =    Kaffin  z, 
or,  since  z  is  very  small, 

y   y<    Ca       =       KaffinCsaltund  (8) 

in  which,  as  above,  y  is  the  concentration  of  the  acetamide 
cathion,  C^-i  that  of  the  chloride  ions,  z,  or  C^a/^„„^  that 
of  the  undissociated  salt  and  K^^,^  the  dissociation  constant 
of  the  salt.  By  substituting  the  value  of  y,  as  obtained  from 
(2)  and  (3),  in  equation  (8)  we  get 

(A  — rc)(B  — X)B       =       Kaffin^   Csaltund  (q) 

1  Acree  and  Johnson:  Loc.  cit.     Kastle:  Loc.  cit. 
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equation  (9)  which  is  accurate  to  within  probably  a  few  per- 
cent. If  now  the  undissociated  salt  were  the  chief  substance 
being  hydrolyzed  and  furnishing  the  end  product  we  should  have 
equation  (10),  giving  the  velocity  of  the  reaction: 

CH3CONH3CI  +  H2O     ^     CH3COOH  +  NH,  +  Ci, 


or 

—dCsali  und 
Jt 

But  since,  as  above,  — dC^^^  ^^^  is  equivalent  to  dx,  and  for  the 


KiransC salt  und  X  {Ch«0 ^)'  (lo) 


value  in  (9),  we  get  equation  (11) 

dx  Ktrans  K^ 


dt  Kaffin   ^w 


iK~x)(B-x){CH._o-x)B.      (11) 


When  the  solutions  are  dilute  {Cjj^q  —  x)  is  practically  constant 
and   then   we   obtain   equation    (12)    or 

^     =     K(A  — rK)(B  — ^)B     or 
at 

I  ,        B(A  — ic)  -.^       ,     - 

<(A-B)B   '°«  A(B=7)     =     ^-     ("^> 

When  (A)  and  B  are  equivalent,  equation  (12)  is  replaced  by 
equation  (13), 

^     =    K(A-.)(A-.)A    or     ^^^^,   =   K.     (.3) 

When  the  proper  quantitative  data  are  substituted  in  equa- 
tions (12)  and  (13)  no  constants  are  obtained.  It  is,  therefore, 
clear  that  the  undissociated  acetamide  hydrochloride  is  not 
the  chief  substance  that  yields  the  end  products  by  hydroly- 
sis. That  the  reasoning  employed  is  correct  was  shown  very 
satisfactorily  in  a  previous  paper^  in  which  it  was  proved 
that  hydrochloric  acid  causes  the  rearrangement  of  acetyl- 
chloraminobenzene  into  parachloracetanilide  because  the  hy- 
drochloric acid  unites  with  the  weak  base,  acetylchloramino- 

*  Acree  and  Johnson:  Thi3  Journal,  S7,  410;  88,  258. 
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benzene  and  the  undissociated  salt  rearranges.  Since  in  the 
solution  of  the  acetamide  and  the  hydrochloric  acid,  the  acet- 
amide  exists  as  free  acetamide,  acetamide  cathion  and  undis- 
sociated acetamide  hydrochloride,  one  of  these  three  forms  of  the 
acetamide  must  be  the  substance  undergoing  hydroh^sis. 
Since  the  acetamide  is  hydrolyzed  by  water  only  extremely 
slowly  and  since  the  quantitative  evidence  of  equations  (12) 
and  (13)  is  against  the  supposition  that  the  undissociated 
salt  is  appreciably  concerned  in  the  reaction,  it  seems  that  the 
acetamide  cathion  must  be  hydrolyzed  by  the  water,  just  as 
the  urazole  anions  react  with  neutral  alkyl  halides.  Further- 
more, the  quantitative  evidence  is  in  entire  harmony  with  the 
idea  that  the  catalysis  of  acetamide  by  aqueous  acids  depends 
upon  the  hydrolysis  of  the  intermediate  acetamide  cathion  formed 
by  the  union  of  some  of  the  hydrogen  ions  with  the  weakly 
basic  acetamide.  This  reaction  may  be  complicated  to  a  very- 
slight  extent  by  the  hydrolysis  of  the  free  acetamide  and  the  un- 
dissociated acetamide  hydrochloride. 

If  the  acetamide  cathion  is  hydrolyzed  and  equations  (6) 
and  (7)  apply,  it  is  evident  that  in  dilute  solutions  the  value 
of  K  should  be  the  same  for  all  concentrations.  But  it  will 
be  remembered  that  in  equations  (i)  and  (2)  the  values  used 
for  A  and  B  in  subsequent  equations  are  really  (A — y)  and 
B  —  y).  When  we  divide  by  A  in  equation  (7)  we  use  a  value 
larger  than  the  more  nearly  correct  value  (A — y)  and  K  is 
slightly  too  small.  As  the  values  of  A  and  B  increase,  the  value 
of  y  increases  and  the  factor  (A — y)  becomes  smaller  and  the 
value  of  K  also  smaller.  We  could  predict,  then,  that  if  we 
were  to  use  solutions  of  acetamide  and  hydrochloric  acid  in 
equivalent  concentrations,  0.166  N,  0.333  N,  0.666  N,  and 
1.333  N,  the  values  of  K  should  be  nearly  constant  but  would 
show  a  slight  decrease.  If  we  refer  to  Tables  I.  to  V., 
inclusive,  we  see  that  the  values  of  K  are  0.00027,  0.000223, 
0.000205  and  0.00018.  The  application  of  equation  (13)  leads  to 
the  constants  0.0000144,  0.0000060,  0.00000275  and  0.0000012. 

It  is  evident,  then,  that  the  use  of  equations  (7)  and  (13) 
as  approximate  solutions  is  perfectly  justifiable  and  leads  to 

the  conclusion  that  the  acetamide  cathion,  CH,CONH,,  is  the 
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chief  substance  undergoing  direct  hydrolysis,  and  not  the  free 
acetamide  nor  the  acetamide  hydrochloride,  CH3CONH3CI. 

Furthermore,  when  the  acetamide  and  hydrochloric  acid 
are  not  in  equivalent  concentrations  and  equation  (6)  must 
be  used,  it  is  evident  that  a  more  nearly  constant  value  for  K 
should  be  obtained.  From  the  reasoning  in  the  preceding 
paragraph  it  is  evident  that  the  value  of  (A — B)  in  equation 
(6)  is  exactly  equivalent  to  the  value  we  should  have  from 
equations  (i)  and  (2),  namely  (A — y) — (B — y)  =  (A — B).  The 
errors  in  the  logarithmic  group  are  nearly  canceled.  We 
should  expect  to  get  a  better  value  for  K,  then,  from  Tables 
VI.,  VII.  and  VIII.,  in  which  A  and  B  are  different.  We  actu- 
ally get  the  values  0.000237,  0.000229,  0.000227  for  K,  which  are 
not  only  in  very  good  mutual  agreement,  but  also  agree  closely 
with  the  average  value  of  K  in  Tables  I.  to  V.,  inclusive,  0.00022. 
It  is,  of  course,  understood  that  natural  logarithms  are  used  in 
finding  the  value  of  K,  but  the  values  AK  and  (A — B)K  are 
expressed  in  terms  of  Brigg's  logarithms.  The  application 
of  equation  (12)  to  Tables  VI.,  VII.  and  VIII.  gives  0.000016, 
0.0000062  and  0.0000030  as  the  values  of  K.  It  is  evident,  then, 
that  the  data  obtained  from  Tables  VI.,  VII.  and  VIII.  agree 
very  satisfactorily  with  the  hypothesis  that  in  the  catalysis 
under  consideration  the  acetamide  cathion  is  the  chief  substance 
undergoing  hydrolysis  and  not  the  undissociated  acetamide 
hydrochloride. 

It  will  be  seen  from  equations  (4)  and  (5)  that  the  value  K 

is  really  K^^^^^-^ —  and  that  the  data  in  the  present  com- 
munication gives  us  neither  the  value  of  K^^^^^^ ,  the  real  velocity 
constant,  nor  that  of  K^.  Since  the  present  communication 
deals  primarily  with  the  question  whether  the  acetamide 
cathion  or  the  acetamide  hydrochloride  yields  the  products 
of  hydrolysis  it  is  not  necessary  to  know  the  value  of  K^^^^^ 
and  K^  in  order  to  get  an  approximate  solution  of  the  problem. 
The  determination  of  the  value  of  K^^^^^^  and  K^  will  be  the 
subject  of  the  next  communication  on  this  subject. 

An  inspection  of  Tables  I.  to  VIII.,  inclusive,  shows  that  there 
seems  to  be  a  tendency  for  the  value  of  the  constant  to  rise 
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during  the  course  of  the  reaction.  This  at  once  suggested,  or 
rather  confirmed,  the  idea  that  the  reaction  velocity  might  be 
accelerated  by  the  ammonium  chloride  formed  during  the  re- 
action. It  will  be  recalled  that  many  such  catalytic  accelera- 
tions, as  well  as  retardations,  of  reactions  by  neutral  salts  have 
been  recorded  by  Arrhenius,*  Euler,^  Koelichen^  and  others. 
Experiments  were,  therefore,  tried  to  ascertain  whether  the 
catalytic  influence  of  other  salts  is  positive  or  negative.  The 
salts  used  were  potassium  chloride,  sodium  chloride,  lithium 
chloride,  aluminium  chloride  and  chromium  chloride.  The 
lithium  chloride  seemed  to  act  as  a  weakly  negative  catalyzer, 
as  the  value  of  K  was  lowered  to  0.0002 15.  Aluminium  chloride 
seemed  to  be  a  weakly  positive  catalyzer,  as  the  value  of  K 
was  increased  to  0.000236.  The  potassium  chloride,  sodium 
chloride  and  chromium  chloride,  however,  seemed  to  act  as 
energetic  positive  catalytic  agents,  since  the  value  of  K  was 
raised  to  0.00028,  0.00025  and  0.00027,  respectively,  by  these 
salts.  Finally,  potassium  chloride  seemed  to  be  a  very  ener- 
getic positive  catalyzer  for  the  catalysis  of  acetamide  by  acetic 
acid,  as  the  value  for  K  in  the  presence  of  potassium  chloride 
was  found  to  be  1.4  X  io~^  instead  of  0.33  X  10"''  recorded 
by  Ostwald  for  the  value  of  K  for  acetic  acid  alone.  These 
facts  account  to  some  extent  probably  for  the  slight  rise  in  the 
constants  during  the  hydrolysis  of  acetamide  by  the  hydro- 
chloric acid.  The  ammonium  chloride  formed  in  increasing 
amount  may  cause  the  velocity  of  hydrolysis  of  the  acetamide 
by  the  hydrochloric  acid  and  the  acetic  acid  to  be  slightly 
greater  than  it  would  be  if  no  ammonium  chloride  were  present. 
The  value  of  K  in  Tables  I.  to  XV.  is  given  in  terms  of  A 
(or  B)=M  (18.62)  cc.  nitrogen  gas,  liberated  from  10  cc.  of  the 
solution  by  decomposition  of  the  ammonium  chloride  formed 
in  reaction.  If  A  and  B  are  expressed  in  terms  of  the  concen- 
trations used,  that  is,  0.166  N,  0.333  N,  0.666  N  and  1.333  N, 
the  value  of  K  must  be  changed  to  correspond.  K  in  Table 
VI.,  for  example,  changes  from  0.000237  to  0.0264.     In  Table 

»  Z.  physik.  Chem.,  1,  110;  4,  226;  31,  197. 
*lbid.,  32.  348.     Ber.  d.   chem.  Ges.,  39,   2726. 
*  Z.  physik.  Chem.,  88.  129. 
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XVIII.  the  values  of  K  reckoned  on  both  bases  are  given  for 
all  of  the  different  dilutions. 

After  this  article  was  handed  to  the  editor  an  article  by 
Crocker^  on  the  hydrolysis  of  amides  by  hydrochloric  acid 
came  to  our  attention.  Crocker's  work  verifies  the  above 
ideas  concerning  the  catalysis  of  amides  by  acids  in  every  de- 
tail. 

exPSRlMENTAL. 

The  experiments  were  performed  at  a  temperature  of  65° 
±o°.i.  The  individual  solutions  of  acetamide  and  of  hydro- 
chloric acid  were  made  up  at  about  22°  and  then  brought  to 
65  °  before  the  mixtures  were  made. 

The  analytical  method  used  for  following  the  reactions  was 
that  of  Ostwald,^  which  is  both  accurate  to  within  2  or  3  per 
cent  and  very  convenient.  Measured  volumes  of  the  reaction 
mixture,  from  2  cc.  to  10  cc,  were  pipetted  into  a  Lunge 
nitrometer  containing  a  solution  of  100  grams  of  sodium  hy- 
droxide and  25  cc.  of  bromine  in  250  cc.  water.  A  similar 
amount  of  water  was  added  to  the  movable  arm  of  the  nitrom- 
eter when  the  gas  reading  was  made.  A  correction  was  made 
for  the  absorption  of  the  nitrogen  by  the  hypobromite  solfition, 
the  value  of  which  was  ascertained  by  measuring  the  nitrogen 
given  off  by  the  hypobromite  and  measured  volumes  of  stand- 
ard ammonium  chloride  solution. 

In  the  experiments  in  which  the  catalytic  action  of  other 
salts  was  studied  the  solid  salt  was  added  to  the  standard  solu- 
tion. A  correction  for  the  increase  in  volume  by  the  salt  and 
by  the  rise  in  temperature  has  been  made  in  all  the  values  of 
K.  The  volumes  of  gas  are  calculated  at  0°  and  760  mm. 
Correction  was  made  for  the  vapor  tension  in  the  gas,  in  calcu- 
lating A,  B  and  x,  and  the  necessary  corrections  were  made  in 
the  value  of  K,  which  in  all  cases  is  given  in  natural  logarithms. 


1  J.  Chem.  Soc,  84,  593. 
»  Loc.  cit. 
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Table  I. 
0.166  N  HCl,  0.166  N  acetamide,  65°.     A  ==  18.62. 


15 

30 

45 

2 

98 

60 

4 

13 

75 

5 

45 

90 

6 

14 

120 

7 

28 

150 

7 

93 

180 

8 

58 

240 

8 

72 

n.  —  -«. 

/(A-*) 

15.64 

0.0042 

14.49 

0.0048 

1317 

0.0055 

12.48 

0.0055 

11-34 

0.0055 

10.69 

0.0050 

10.04 

0 . 0048 

9.90 

-age 

0.0047 

Avei 

0.0050 

K 

=  0.000268 

Table  II. 
0.333  N  HCl,  0.333  N  acetamide,  65°.     A 


37-23. 


(. 

■ 

i(A  -  x) 

15 

415 

33-08 

0.0084 

30 

7-51 

29.72 

0.0084 

45 

9.81 

27.42 

0.0080 

60 

12.17 

25.06 

0 .  008 1 

75 

14.19 

23.04 

0.0082 

90 

15-77 

21.46 

0.0082 

120 

18.65 

18.58 

0.0084 

165 

21.66 

15-57 

0.0085 

240 

24.50 

12.73 
Average, 

0 . 0080 

0.0083 

K  = 

=  0.000223 
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Table  III. 

N  acetamide,  0.666  N  HCl,  65° 

A 

=  7445- 

f^ 

A.  X. 

""           Ar 

■ 

t(A.-x)       ^^ 

15 

13-31 

61 .14 

0.0145 

30 

22.75 

51.70 

0.0147 

45 

60 

35  10 

39-35 

0.0148 

75 

40.14 

34.31 

0.0156 

90 

42.43 

32.03 

0.0144 

120 

47.72 

26.73 

0.0149 

150 

52.03 

22.42 

0.0155 

180 

55.01 

19.44 

0.0157 

240 

59.47 

14.98 
Average, 

0.0165 

0.0152 

K  = 

=    0.000204 

Table  IV. 


0.666  N  acetamide,  0.666  N  HCl,  65' 


74.45- 


Jt. 

*• 

;(A-*) 

15 

13-33 

61.12 

0.0145 

30 

23 

22 

51 

23 

0.0151 

45 

30 

31 

44 

14 

0.0153 

60 

35 

14 

39 

31 

0.0149 

75 

39 

97 

34 

48 

0.0155 

90 

43 

52 

30 

93 

0.0156 

120 

47 

90 

26 

55 

0.0150 

150 

52 

22 

22 

23 

0.0157 

180 

54 

66 

19 

79 

0.0153 

240 

59 

73 

14 

72 

rage, 

0.0169 

Avei 

0.0154 

K  = 

=  0.000206 

500 
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Table  V. 

NHCl, 

1.333  N  acetamide,  65°. 

A 

=  148.90. 

*               AK 

t. 

X. 

■ 

'ii 

A-x)        '^^• 

15 

37-05 

III. 85 

0.0221 

30 

61.56 

87-34 

0.0230 

45 

77-71 

71.19 

0.0243 

60 

87.24 

61.66 

0.0236 

75 

97-07 

51-83 

0.0250 

90 

105 . 10 

43.80 

0.0267 

120 

114.40 

34-50 

0.0276 

150 

122.80 

26.10 

0.0313 

180 

128.60 

20.30 

0.0352 

240 

131-10 

17.80 
Average, 

0.0307 

0.0269 

K  = 

=    0.00018 

Table  VI. 

N  acetamide,  0 

133  N  HCl, 

65°.     A  = 

37.23,  6  =  14.89 

i 

'°^  A{B-x) 

t. 

X. 

A.—X. 

B-x. 

(A-B)K. 

15 

1. 71 

35-52 

13-18 

0.0022 

30 

3-30 

33.93 

11-59 

0.0023 

45 

4.42 

32.81 

10.47 

0.0022 

60 

5-65 

31-58 

9.24 

0.0023 

75 

6.31 

30.92 

8.58 

0.0021 

90 

7.26 

29.97 

7.63 

0.0022 

120 

8.86 

28.37 

6.03 

0.0023 

150 

10.09 

27.14 

4.80 

0.0024 

180 

II  .21 

26.02 

3-68 

0.0025 

240 

12.22 

25.01 

2.67 
Average 

0.0024 

0.0023 

K 

=    0.000237 
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Table  VII. 


HCl, 

0.666  N  acetamide, 

65°.     A  =  7445,  B  =  37-23 

T 

B(A-*)_ 

t. 

X. 

K  —  x. 

-B  —  x. 

(A  — B)K. 

15 

7.22 

67.24 

30.01 

0.0033 

30 

12.40 

62.05 

24.82 

0.0032 

45 

17 .  76 

56.69 

19.46 

0.0036 

60 

20.95 

53  50 

16.27 

0.0036 

75 

24-39 

50.06 

12.83 

0.0039 

90 

26.22 

48.23 

11.00 

0.0038 

120 

29.88 

44-57 

7-34 

0.0040 

150 

32.42 

42.03 

4.80 

0.0043 

180 

34.00 

40.45 

3.22 

0.0030 

240 

36.24 

38.21 

0.98 
Average, 

0.00371 

K  = 

=    0.000229 

Table  VIII. 
0.666  N  HCl,  0.333  N  acetamide,  65°.     A  =  74.45,  B  =  37.23. 


I 

,        B(A-x) 

7 

^°«A(B-.) 

t. 

X. 

(A-*). 

(B-*). 

(A  — B)K. 

15 

9.04 

65-41 

28.18 

0.0043 

30 

13-51 

60.94 

23.71 

0.0036 

45 

17-36 

57  09 

19.86 

0.0035 

60 

20.34 

54-11 

16.88 

0.0034 

75 

23-51 

50.94 

13-71 

0.0036 

90 

25-58 

48.87 

11.64 

0.0035 

20 

28.75 

45  70 

8.47 

0 . 0036 

50 

32.00 

42.75 

5-22 

0.0040 

80 

33-29 

41 .16 

3-93 

0.0040 

40 

34-36 

40.09 

2.86 
Average, 

0.0035 

0.00368 

K  = 

=    0.000227 
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Table  IX. 
0.333  N  HCl,  0.333  N  acetamide,  2  N  KCl,  65°.     A  =  37.23. 


15 
30 
45 
60 
75 
90 
120 


150 
180 
240 


I. 

t(A-x) 

4.70 

32.53 

0.0096 

8.65 

28.58 

O.OIOI 

11.94 

25.29 

0.0105 

14.22 

23.01 

0.0103 

16.34 

21 .16 

O.OIOI 

18.52 

18.71 

O.OIIO 

21.36 

15.87 

O.OII2 

23.00 

14-23 

0.0108 

24 -95 

12.28 

O.OII3 

26.57 

10.66 
Average 

0.0104 

,   0.0105 

K 

=  0.00028 

Table  X. 
0.666  N  HCl,  0.666  N  acetamide,  4  N  KCl,  65°.     A  =  74-75- 


t. 

X. 

<(A  — *) 

15 

15.19 

59.26 

O.OI7I 

30 

26.85 

47.60 

0.0188 

45 

35-99 

38.46 

0.0208 

60 

40.71 

33-74 

0.0201 

75 

45-43 

29.02 

0.0209 

90 

46.80 

25.85 

0.0209 

120 

53-72 

20.73 

0.0216 

150 

57-24 

17.21 

0.0222 

180 

59-65 

14.80 

0.0224 

240 

62.84 

II  .61 

Average 

0.0225 

0.0207 

K 

=  0.000278 
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Table  XL 
0-333  N  HCl,  0.333  N  acetamide,  2  N  NaCl,  65°.     A  =  37.23. 


15 

4.35 

30 

7.84 

45 

10.70 

60 

12.92 

75 

14.17 

90 

16.40 

120 

16.61 

150 

23.20 

180 

23.04 

240 

27.29 

■ 

^(A-^)        '"^• 

32.88 

0.0093 

29 -39 

0 . 0089 

26.53 

0 . 0090 

24-31 

0.0086 

23.06 

0.0082 

20.83 

0.0087 

20.62 

0 . 0067 

1403 

O.OIIO 

14.19 

0 . 0090 

9-94 

rage 

0.0II4 

Ave] 

,    0.0093 

K 

=  0.00025 

Table  XII. 
0.666  N  HCl,  0.666  N  acetamide,  4  N  NaCl,  65°.     A  =  74.45. 


15 

14.44 

30 

25-71 

45 

33-70 

60 

38-87 

75 

44.10 

90 

46.68 

120 

52.78 

150 

55-94 

180 

59-13 

240 

63-33 

' 

t 

(A— x)  -^^• 

60.  OI 

0.0158 

48.74 

0.0174 

40.75 

0.0184 

35-58 

0.0182 

30.35 

0.0194 

27-77 

0.0187 

21.67 

0.0203 

18.51 

0.0202 

15-32 

0.0214 

H  .  12 

rage, 

0.0237 

Ave 

0.0193 

K  = 

=    0.00026 
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Table  XIII. 

fHCl, 

0.333  N  acetamide,  2  N  LiCl,  65°.     A  = 

■ 

X.                                                 a           —                                                                     n  i^ 

■ 

t{lL-x)       "^• 

15 

3.87 

33-36 

0.0077 

30 

7 

04 

30.19 

0.0078 

45 

9 

55 

27.68 

0.0076 

60 

II 

37 

25-86 

0.0073 

75 

13 

96 

23.27 

0.0080 

90 

15 

25 

21.98 

0.0077 

120 

18 

77 

18.46 

0.0084 

150 

20 

97 

16.26 

0.0086 

180 

22 

57 

14.66 

0.0086 

240 

24 

52 

12.71 
Average 

0 . 0080 

,     0 . 0080 

K 

=  0.000215 

Table  XIV. 
0.333  N  HCl,  0.333  N  acetamide,  2  N  AICI3,  65°.     A  =  37.23. 


15 

3-90 

30 

7.18 

45 

10.02 

60 

12.25 

75 

14.96 

90 

16.33 

1 20 

19.26 

150 

21.80 

180 

23-56 

240 

25.70 

^(A-*)        "-• 

33-33 
30.05 
27.21 

0.0078 
0.0080 
0.0082 

24.98 

0.0082 

22.27 
20.90 

0.0090 
0.0087 

17.97 

0 . 0089 

15-43 
13.67 

0.0094 
0.0096 

11-53 

rage, 

0.0093 

Avei 

0.0088 

K  = 

=  0.000236 
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Table  XV. 
0.333N  HCl,  0.333  ^  acetamide,  2N  CrCls,  65°.     A  =  37.23- 


[. 

X. 

*■ 

t(A-x) 

15 

6.08 

3115 

0.0130 

30 

9-59 

27.64 

0.0II5 

45 

11.80 

25-43 

0.0103 

60 

14.01 

23.22 

O.OIOI 

75 

15.41 

21.82 

0.0094 

90 

16.82 

20.41 

0.0092 

120 

20.31 

16.92 

O.OIOO 

150 

22.15 

15-08 

0.0098 

180 

23-49 

13-74 

0.0095 

240 

27.12 

10.  II 
Average, 

O.OII2 

O.OIOO 

K  = 

=  0.000268 

Table  XVI. 
0.666  N  acetic  acid,  0.666  N  acetamide,  4  N  KCl,  65°.      A 
74.45. 


*• 

HA- 

X) 

• 

120 
240 

0 
I 

.92 

.56 

73 
72 

.53 
.89 

104 
112 

X 
X 

IO-* 
10-^ 

Average,     108   X    lo"^ 
K  =  1.4  X    10-^ 


0.666  N  acetic  acid,  0.666  N  acetamide,  65°  (Ostwald).     A 
26.60. 


■ 

t(A-x) 

■ 

14400 

28890 

3 
4 

30 
92 

23 
21 

30 
68 

9.8 

7-8 

X 
X 

io-'> 
10^ 

Average,     8.8  X    lo"^ 
K  =  0.33   X    10-6 
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Table  XVII. 

oonductivities,  i8°. 

Solution. 

Mi/. 

Difference 

O.I  NHCl 

323 

6 

O.I  NHCl  + 

02  N  acetamide 

305 

I 

18 

5 

O.I  NHCl  + 

0.4   " 

287 

0 

18 

I 

O.I  NHCl  + 

0.6   " 

269 

9 

17 

I 

O.I  N  HCl  + 

0.8   " 

259 

I 

10 

8 

O.I  NHCl  + 

i.o   " 

245 

7 

13 

4 

O.I  N  HCl  + 

1.2    "          " 

235 

5 

10 

2 

Table  XVIII. 

Summary, 

Table. 

K. 

K'.i 

I. 

0.000268 

0 . 0300 

n. 

0.000223 

0.0248 

in. 

0.000204 

0.0228 

IV. 

0.000206 

0.0231 

V. 

0.000180 

0.0202 

VI. 

0.000237 

0.0263 

VII. 

0.000229 

0.0256 

VIII. 

0.000227 

0.0254 

IX. 

0.000280 

0.0315 

X. 

0.000278 

0.0310 

XI. 

0.000250 

0.0279 

XII. 

0.000260 

0.0289 

XIII. 

0.000215 

0.0240 

XIV. 

0.000236 

0.0264 

XV. 

0.000268 

0 . 0300 

XVI. 

0.0000014 

0.000168 

Conclusions. 

The  experimental  work  and  the  application  of  approximate 
equations  in  the  present  communication  seem  to  confirm  the 
hypothesis  that  in  the  hydrolysis  of  acetamide  in  aqueous  hy- 
drochloric acid  the  hydrogen  ions  first  unite  to  some  extent 
with   the  weak  base   acetamide  and  the   acetamide   cathions 


K'  is  calculated  on  the  basis  of  normal  concentrations. 
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thus  formed  are  hydrolyzed  with  the  formation  of  acetic  acid 
and  ammonium  ions: 

CH3CONH2  +  H  +  CI  +  H2O  ^ 

CH3CONH3  +  H2O  +  CI  »^       CH3COOH  +  NH,  +  CI. 

This  catalytic  reaction  seems  to  be  analogous  to  the  inversion 
of  cane-sugar,  hydrolysis  of  esters,  formation  of  esters  from 
urazoles  and  alkyl  halides,  and  hydrolysis  of  oximes,  discussed 
in  a  previous^  communication. 

Johns  Hopkins  University, 
May  I,  1907. 


REVIEWS. 


El^ECTROCHEMiSTRY.     I.  Theoretical  Electrochemistry  and  Its  Physico- 
Chemical  Foundations.     By  Dr.   Heinrich  Danneel,   Privatdocent 
of  Physical   Chemistry  and  Electrochemistry  in  the  Royal  Technical 
High  School  of  Aachen.     Translated  from  the  Sammlung  Goshen  by 
Edmund  S.  Merriam,   Ph.D.,  Associate  Professor  of  Chemistry  in 
Marietta  College,   Ohio.     New  York  :  John  Wiley  &  Sons  ;  London: 
Chapman  &  Hall,  Limited.     1907.     pp.181.     Price,  |i. 25  net. 
Says   the   author,    "Theoretical,   or   general   chemistry,  and 
electrochemistry  are  not  separable;  comprehension  of  the  one 
presupposes    knowledge     of     the     other.      Therefore,     before 
we  take  up  electrochemistry  proper,  we  will  go  over  some  of 
the  physical  and  physico-chemical  principles  which  form  the 
basis  of  our  present  ideas  in   the   field  of  electrochemistry. 
We  will  then  discuss  the  various  theories  of  electrochemistry 
and  give  such  illustrations  as  are  necessary  for  their  better 
comprehension.     Experimental  results  and  their  appHcations 
as  well  as  methods  of  measurement,  etc,   will  be  contained 
in  the  second  volume.     The  third  will  be  devoted  to  the  tech- 
nical applications." 

As  will  be  seen,  this  is  but  an  introductory  volume  to  the 
general  subject.  This  will  also  appear  from  the  Contents 
which  comprises  7  chapters.  Chapter  I.  deals  with  work, 
current  and  voltage;  Chapter  II.  with  chemical  equilibrium 
statics,  and  kinetics;  Chapter  III.  with  the  theory  of  electro- 
lytic dissociation;  Chapter  IV.  with  conductivity;  Chapter  V. 
with  electromotive  force  and  the  galvanic  current;  Chapter 
VI.  with  polarization  and  electrolysis;  and  Chapter  VII.  with 
the  electron  theory.  An  incomplete  Hst  of  books  deaUng  with 
electrochemistry  is  also  given  in  this  chapter. 

'  Acree  and  Johnson:  This  Journal,  37,  410;  38,  258. 
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In  discussing  osmotic  pressure  it  is  unfortunate  that  the  work 
of  Morse  and  that  of  Berkeley  should  have  been  omitted.  By 
discussing  these  recent  investigations  the  book  could  have  been 
brought  more  nearly  up  to  date. 

It  is  a  little  difficult  to  see  just  why  Chapter  II.,  on  chemical 
statics  and  dynamics,  should  have  been  introduced  at  all 
into  an  elementary  treatise  on  electrochemistry,  and  still  less 
comprehensible  why  it  should  have  found  a  place  so  near  the 
beginning  of  the  book.  The  best  methods  for  determining 
transference  numbers  are  omitted. 

The  best  chapter  in  this  first  volume  is  the  one  that  deals 
with  the  electromotive  force  of  elements.  The  matters  re- 
ferred to  above  are,  perhaps,  after  all,  of  minor  importance, 
and  the  little  book  undoubtedly  contains  much  valuable  ma- 
terial presented  in  an  attractive  form. 

The  work  of  the  translator  seems  to  be  satisfactory. 

H.  c.  J. 

The  VAI.UE  OF  Pure  Water.  By  George  C.  Whipple.  First  edi- 
tion.    New  York:  John  Wiley  &  Sons.     1907.     pp.  84.     Price,  |i.oo. 

In  this  interesting  little  volume  the  author  estimates  the 
money  value  of  pure  water  to  a  community.  The  value  of 
water  to  the  consumer  depends  on  its  sanitary  quaUty,  its  at- 
tractiveness and  its  hardness.  The  calculations  of  the  rela- 
tion between  sanitary  quality  and  money  value  to  the  com- 
munity is  based  on  the  typhoid  fever  death-rate,  and  the  value 
to  the  community  of  the  average  person  dying  from  typhoid. 

The  book  is  well  worth  reading.  E.  R. 

Physikalische  Krystallographie  vom  Standpunkt  der  Struk- 
TURTHEORIE.  By  ErnsT  S0MMERFEI.DT.  Leipzig:  Tauchnitz, 
1907.     pp.  vii  +  132. 

This  excellent  little  book  is  one  of  many  works  which 
come  from  the  facile  pen  of  its  author.  The  initial  idea 
seems  to  be  to  furnish  a  companion  volume  to  the  earlier 
work  of  the  author  on  morphological  crystallography  and  to 
the  little  introduction  to  chemical  crystallography  published 
by  Professor  Groth.  The  title  of  the  work,  however,  is  some- 
what misleading,  since  the  main  part  of  the  book  is  devoted 
to  a  rather  full  discussion  of  molecular  crystallography  or  the 
theory  of  molecular  structures.  In  the  treatment  the  author 
follows  in  somewhat  modified  form  Sohncke's  theory  and 
gives  a  very  clear  presentation  of  molecular  structures  accord- 
ing to  this  view.  The  treatment  of  the  other  physical  proper- 
ties of  crystals  which  are  grosser  expressions  of  the  molecular 
structures  is  relatively  brief.     The  book  might  almost  be  called 
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"An  Introduction  to  the  Study  of  Crystal  Structures."  In 
spite  of  the  title  the  book  is  an  excellent  treatment  of  the  sub- 
ject to  which  it  is  devoted  and  it  is  just  the  kind  of  a  summary 
that  chemists  can  use  as  a  stepping  stone  to  the  more  intricate 
papers  by  English  crystallographers  who  are  showing  such 
possibiHties  in  the  study  of  the  relations  existing  between  t'he 
chemical  constitution  and  crystallographic  properties  of  many 
well-known  substances. 

The  illustrations  in  the  volume  are  exceptionally  abundant, 
consisting  mainly  of  photographs  of  numerous  models  which 
have  been  constructed  to  show  the  possibiHties  of  molecular 
groupings  according  to  the  Sohncke  theory.  e.  b.  m. 

MONOGRAPHIBN  UBER    ANGEWANDTE     EtEKTROCHEMIE.      VOI,.     XXV. 

Deutsches  Patentrecht  fur  Chemiker.  Von  Dr.  Julius  Eph- 
RAiM,  Chemiker  u.  Patentanwalt,  Berlin.  Halle  a.  S. :  Wilhelm  Knapp. 
1907.     pp.  608.     Price,  M.  18. 

The  size  of  this  volume  would  indicate  that  the  subject 
has  been  thoroughly  treated,  how  well,  can  only  be  judged 
by  one  who,  like  the  author,  is  chemist  and  patent-lawyer. 

E.  R. 

MONOGRAPHIEN  tJBER  ANGEWANDTE    Ei<EKTROCHEMIE.        VOI..    XXVI. 

EtEKTROMETALivURGlE  DES  EiSENS.  Von.  Dr.  Bernhard  NEU- 
MANN, a.  o.  Professor  a.  d.  Grossherzdgl.  Techn.  Hochschule  zu  Darm- 
stadt. Mit  89  Abbildungen.  Halle  a.  S.  :  Knapp.  1907.  pp.  176. 
Price,  M.  7. 

Professor  Neumann  is  known  as  an  authority  in  the  field 
of  elektrometallurgy,  and  this  volume  is  interesting. 

Electrolysis  is  not  applied  to  the  metallurgy  of  iron.     The 
processes  in  use  and  those  patented  are  all    electrothermal, 
utilizing  the  heat  of  the  arc  to  attain  the  temperatures  re- 
quired for  one  of  the  following  reactions:     A.  The  reduction 
of  iron  ores  by  carbon  to  metallic  iron.     B.  The  production 
of  steel  from  pig  iron  in  some  modification  of  the  Siemens- 
Martin  furnace  (i)  by  oxidizing  the  carbon  of  pig  iron  by  iron  -^ 
ore ;  (2)  by  lowering  the  percentage  of  carbon  by  addition  of  scrap  ^ 
wrought  iron ;  (3)  by  using  ore  and  scrap.     These  are  famiUar   ^ 
processes,  the  only  new  thing  being  the  use  of  the  ^^  instead   ^ 
of    generator    gas.     C  The    production    of    iron    compounds    C_ 
such  as  ferro-silicon,  ferro-manganese,  etc.  ?" 

The  author  describes  many  processes  for  these  applications    >sr 
of  heat  and  gives  statistical  data  for  each  process.     The  ques-     4,^ 
tion  is,  do  any  of  these  processes  pay  or  promise  to  pay  in  com-     v^ 
petition  with  those  in  common  use?  "^ 

For  the  processes  under  A,  Neumann  thinks  that  in  the 
great  iron -producing  countries — the  United  States,    England 
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and  Germany — which  have  abundance  of  coal  and  iron  ores, 
generally  impure,  the  electric  methods  can  never  compete 
with  the  blast  furnace.  In  countries,  however,  which  have 
pure  ores,  cheap  water  power  and  little  coal  (Canada,  South 
America,  New  Zealand),  it  is  possible  that  the  production  of 
iron  from  the  ore  in  the  electric  furnace  may  be  a  commercial 
success. 

For  the  processes  under  B,  Neumann  concludes  that  some 
of  the  electrothermal  processes  not  only  can  compete  with 
the  present  method  of  making  crucible  steel  but  will  even- 
tually replace  it. 

As  to  the  processes  under  C,  these  iron  products  are  now 
made  in  Europe  almost  exclusively  by  the  electrothermal 
process.  e.  r. 

Wei^lcome's  Photographic  Exposure  Record  and  Diary,  1907. 
New  York  and  London:  Burroughs,  Wellcome  &  Co.  1907.  Price,  50 
cents. 

This  little  pocket  volume  contains  clear  directions  for  using 
the  publishers'  photographic  preparations,  together  with 
specimens  of  the  pictures  thus  obtained.  Useful  numerical 
data,  diary  pages  and  an  extremely  ingenious  exposure  calcu- 
lator are  also  included  in  the  book,  which  cannot  fail  to  be  of 
service  to  those  interested  in  the  subject.  j.  b.  T. 
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REACTION   BETWEEN    UNSATURATED    COMPOUNDS 
AND  ORGANIC  MAGNESIUM  COMPOUNDS. 

XII. — ALDEHYDES  AND  KETONES. 
By  E.  p.  Kohler. 

In  the  first  paper^  of  this  series  I  described  the  results  ob- 
tained by  allowing  excess  of  various  organic  magnesium  com- 
pounds to  react  with  a, ^-unsaturated  ketones  that  have 
phenyl  in  combination  with  the  carbonyl  group.  A  compari- 
son of  these  results  with  those  obtained  by  Grignard-  and  by 
Klages^  led  to  the  inference  that  the  behavior  of  phenyl  ketones 
is  different  from  that  of  methyl  ketones.  This  conclusion 
was  supported  by  an  experiment  in  which  benzalacetone 
was  treated  with  phenylmagnesium  bromide,  and  by  some 
observations  made  while  studying  the  behavior  of  unsatura- 
ted esters.*  The  difference  in  the  behavior  of  the  two  classes 
of  ketones  was  represented  by  the  equations: 

'  This  Journal,  31,  642. 
«  Ann.  Chim.  Phys.  [7],  36,  477. 
s  Ber.  d.  chem.  Ges.,  35,  2651. 
*  This  Journal,  33,  21. 
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I.  CjHgCHtCHCOCHg  +  RMgX     = 

C^HbCH  :  CHC(R) (CH3)0MgX     »-^ 

CeH^CH :  CHC(R)  (CH3)0H ; 
II.  CeHsCHrCHCOCeHs  +  RMgX     = 

CeH5(R)CHCH :  C(C„H6)0MgX     b^ 

C.H,(R)CHCH2COC,H6. 

The  importance  of  these  results  was  evident,  but  before 
they  could  be  used  for  testing  the  various  theories  relating 
to  unsaturated  compounds  it  was  necessary  to  determine 
whether  all  unsaturated  ketones  behave  either  like  methyl 
or  like  phenyl  ketones,  or  whether,  by  systematically  chang- 
ing the  hydrocarbon  residues,  it  would  be  possible  to  get 
substances  that  would  give  both  of  these  typical  reactions. 
Ketones  reacting  in  both  ways  were  soon  found.  Experi- 
ments with  these  showed  that  the  amounts  of  1,2-  and  1,4- 
addition  with  Grignard's  reagent  depend  upon  a  number  of 
things — the  nature  of  the  unsaturated  compound,  the  num- 
ber and  arrangement  of  the  hydrocarbon  residues,  the  char- 
acter of  the  magnesium  derivative,  and,  possibly,  tempera- 
ture, concentration,  and  solvent.  In  order  to  determine 
the  relative  importance  of  these  factors  it  has  been  necessary 
to  make  and  compare  a  great  variety  of  unsaturated  com- 
pounds and  to  repeat  some  of  the  experiments  with  Grig- 
nard's reagent  previously  made,  both  by  myself  and  by  others. 
The  results  of  this  work  are  described  in  this  paper. 

Special  attention  was  paid,  in  all  experiments,  to  the  amounts 
of  the  various  products,  but  even  so,  no  very  great  accuracy 
can  be  claimed  except  in  those  cases  in  which  only  one  sub- 
stance is  formed.  The  two  products  most  commonly  formed — 
unsaturated  alcohol  and  saturated  ketone — cannot  be  deter- 
mined directly.  The  alcohol  almost  invariably  loses  water 
when  distilled  under  diminished  pressure  and  the  resulting 
hydrocarbon  generally  boils  so  nearly  at  the  same  tempera- 
ture as  the  ketone  that  it  is  not  possible  to  separate  the  two 
without  so  much  loss  of  material  that  the  results  are  value- 
less. 

In  the  preliminary  experiments  I  tried  transforming  the 
ketone  into  oxime  and  then  separating  oxime  and  hydrocar- 
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bon  by  vacuum  distillation,  but  found  that  at  some  stage  in 
this  process  either  the  unsaturated  alcohol  or  the  hydrocar- 
bon undergoes  polymerization,  forming  high-boiling  products 
that  cannot  be  separated  from  the  oximes.  I  decided,  there- 
fore, to  destroy  the  unsaturated  products  by  oxidation  with 
permanganate  and  weigh  only  the  ketone.  Unless  other- 
wise specified  in  the  experimental  part,  the  procedure  was  as 
follows : 

A  suitable  quantity  of  the  unsaturated  compound  was 
added,  slowly  and  with  constant  shaking,  to  a  large  excess 
of  the  reagent  which  was  cooled  in  a  freezing  mixture.  The 
resulting  magnesium  derivatives  were  poured  on  ice  as  soon 
as  the  colored  intermediate  compounds  had  completely  dis- 
appeared. After  dissolving  basic  salts  with  iced  hydrochloric 
acid,  the  ethereal  layer  was  removed,  the  aqueous  layer  ex- 
tracted with  ether,  and  the  combined  ethereal  solutions  dried 
over  calcium  chloride.  The  ether  was  then  distilled  and  the 
residue  dissolved  in  acetone,  to  be  treated  with  potassium 
permanganate.  In  order  to  avoid  the  necessity  of  using  large 
quantities  of  solvent,  the  permanganate  was  added  in  the 
form  of  a  very  fine  powder.  By  using  glass  beads  and  shaking 
vigorously,  just  as  reliable  results  are  obtained  with  the  powder 
as  with  a  solution.  During  the  oxidation  the  temperature 
was  kept  below  20°  with  running  water.  Excess  of  perman- 
ganate was  removed  with  sulphur  dioxide  dissolved  in  ace- 
tone. In  the  trial  experiments  the  oxides  of  manganese  were 
dissolved  with  aqueous  sulphur  dioxide  but  it  was  found  that 
the  ketones  are  easily  and  completely  removed  by  washing 
the  precipitated  oxides  with  hot  acetone. 

The  following  experiments  were  made  to  test  the  constancy 
of  the  results: 

I.  Thirty  grams  of  benzalethylmethyl  ketone  were  added 
to  a  solution  obtained  by  dissolving  11  grams  of  magnesium 
in  ethyl  bromide  and  ether.  The  product  decolorized  33 
grams  of  permanganate  and  yielded  24.2  grams  of  ketone. 

II.  Thirty  grams  of  the  same  ketone  were  added  to  a  solu- 
tion obtained  by  dissolving  11  grams  of  magnesium  in  ethyl 
iodide  and  ether.  The  product  decolorized  34.5  grams  of 
permanganate  and  yielded  23.9  grams  of  ketone. 
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III.  Sixty  grams  of  the  ketone  were  added  to  a  solution 
of  18  grams  of  magnesium  in  ethyl  bromide  and  ether.  The 
product  decolorized  65  grams  of  permanganate  and  gave 
49. 1  grams  of  ketone. 

As  most  ketones  present  no  greater  difficulties  than  the 
one  used,  it  is  clear  that  the  method  is  sufficiently  accurate 
for  the  purpose  of  comparison. 

The  quantitative  results  obtained  with  two  magnesium 
compounds  are  summarized  in  the  following  table,  which 
begins  with  acrolein,  the  simplest  substance  that  contains  the 
chain  C:  C.C:0,  and  ends  with  tetraphenylpropenone,  in 
which  all  the  hydrogen  atoms  of  acrolein  have  been  replaced 
by  phenyl.  The  numbers  in  columns  I.  and  II.  express  the 
percentage  of  the  unsaturated  compound  represented  by  the 
amount  of  i  ,4-addition_^^_£roduct  that  was  obtained.  For 
the  sake  of  comparison  I  have  added  two  substances  that 
contain  triple  linkages: 

With  With 

CjHsMgBr.  CsHgMgBr. 

CHjiCHCHO  o  o 

CHgCHiCHCOCHg  75  40 
CH3. 

>C:CHC0CH3  o  o 

cu/ 

CeHgCHjCHCOCHa  60  12 

CHCOCH2CH3  71  40 

CH, 


CeHgCH : 


CbHsCH-.CHCOCh/  ioo  88 

/CH3 

CeH.CHiCHCOC— CH3  loo  100 

CH30C,H,CH:CHCOCH3  63  13 

CeH^CH :  CHCOCH :  CHCeHg  91  73 

/C2H5 

CeHjCH-.CHCOCH^CH^  100  93 

C  T-T 

CeH5CH:CHCOCH2CH/  '    '  100  99 

\C  H. 

CCljCHiCHCOCeHg            '    '  —  95 

CeH,CH:CHC0C«H5  99  94 
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with 

CaHsMgBr.     • 

With 
CoHsMgBr. 

CHsOCeH.CH:  CHCOCeHg 

.         98 

96. 

C^HsCH :  CHCOCeH.OCHg 

100 

99 

CeHjCH :  CHCOC6H2(CH3)3 

^- 

100 

CeH.CHiCBrCOCeHs 

ioo  . 

100 

CgHsCHiCCOCeH^ 

100 

100 

1 
CH3 

CeHgCHtCCOCeHs 

100 

100 

CeH, 

NCiCHCOCeHg 

CH3/ 

44 

41 

>C:CHC0CeH5 
CaH/ 

18 

0 

>C:CHCOCeH2(CH3)3 

c«h/ 

. 

? 

'0 

CeH^CHlCCOCeHg 

? 

0 

C  H 
CeHjCHtCC  '•    N  100^  58 

I 

CeH.C  i    CCOCeHs  —  o 

The  table  shows  that  while  aldehydes  form  only  unsatura- 
ted alcohols  most  ketones  form  both  unsaturated  alcohols 
and  saturated  ketones.  Results  somewhat  similar  to  these 
were  obtained  by  Posner,^  who  studied  the  behavior  of  un- 
saturated ketones  towards  mercaptans.  He  found  that  two 
reactions  are  possible — saturation  of  the  ketone  and  conden- 
sation with  the  carbonyl  group.  The  former,  as  suggested 
by  Posner,  is  probably  due  to  i  ,4-addition : 

I.  CeHgCHiCHCOCHg  +  QH^SH     = 

C,H5CH(SC2H5)CH :  C(CH3)0H     ^-^ 

C6H5CH(SC2H5)CH2COCH3. 
The  latter  may  be  represented  as  follows: 

II.  CgH^CH :  CHCOCH3  -f-  2C2H5SH    = 

H2O  +  C«H,CH:CHC(SC2H,)2CH3. 

'  Nitrile  formed  by  1,4-addition. 
2  Ber.  d.  chem.  Ges..  34,  1395. 
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The  only  significant  difiFerence  between  these  reactions 
and  those  with  Grignard's  reagent  is  that  in  the  case  of  mer- 
captans  the  second  reaction  may  take  place  with  the  product 
of  the  first.  After  a  careful  study  of  a  considerable  number 
of  unsaturated  ketones,  Posner  concluded  that  all  the  facts 
can  be  explained  by  the  variable  activity  of  the  carbonyl 
group.  The  factors  that,  in  his  belief,  diminish  the  activity 
of  this  group  are  the  double  linkage  in  the  Q:,/?-position  and 
hydrocarbon  residues.  Of  the  latter  he  writes:'  "The  more 
completely  the  hydrogen  atoms  in  combination  with  the  car- 
bon atoms  that  participate  in  the  double  linkage  or  that 
adjoin  the  carbonyl  group  are  replaced  by  hydrocarbon  resi- 
dues, the  less  the  tendency  of  carbonyl  to  condense  with 
mercaptans  and  the  more  favorable  the  conditions  for  the 
formation  of  monosulphones." 

Posner's  explanation  seems  inadequate.  That  the  double 
linkage  in  the  a,/?-position  has  no  peculiar  influence  in  dimin- 
ishing the  activity  of  carbonyl  is  shown  by  the  behavior  of 
dibenzalacetone  and  benzaldiphenylbutanone  towards  phenyl- 
magnesium  bromides.  The  former  gives  about  27  per  cent 
of  tertiary  alcohol,  the  latter  i.  The  saturated  residue, 
therefore,  diminishes  the  activity  of  the  carbonyl  group  more 
than  the  unsaturated,  and  the  difference  is  such  as  would  be 
expected  between  a  straight  and  a  branched  chain  of  this  char- 
acter. The  statement  with  reference  to  the  effect  of  hydro- 
carbon residues  is  too  general  because  it  includes  both  of  the 
unsaturated  carbon  atoms.  Hydrocarbon  residues  in  the 
/3-position,  doubtless,  slightly  diminish  the  activity  of  the 
carbonyl  group,  but  they  do  not  favor  i ,4-addition.  This 
seems  clear  after  comparing  the  results  obtained  from  ethyl- 
ideneacetone  with  those  obtained  from  mesityl  oxide,  or  those 
from  benzalacetophenone  with  those  obtained  from  triphenyl- 
propenone. 

In  my  opinion,  the  products  obtained  are  the  result  of 
two  independent  reactions  that  proceed  at  relatively  different 
rates  in  different  ketones  because  they  are  not  determined 
by  the  same  factors.     Only  one  of  the  rates  depends  directly 

1  Ber.  d.  chem.  Ges.,  35,  801. 
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upon  the  reactivity  of  the  carbonyl  group.  The  influences 
that  affect  this  can  be  estimated  from  measurements  that 
have  been  made  with  saturated  ketones.  Stewart^  and  Pe- 
trenko-Kritschenko^  measured  the  rate  of  addition  of  acid 
sulphites  to  aldehydes  and  ketones,  and  discovered  an  inter- 
esting relation  between  the  rate  of  addition  and  the  com- 
plexity of  the  compounds.  The  rates  of  oxime-'  and  hydra- 
zone-formation*  have  also  been  measured.  The  results  show 
that  the  relative  rates  at  which  different  ketones  form  oximes 
and  hydrazones  are  approximately  the  same  as  those  at  which 
the  same  ketones  combine  with  acid  sulphites.  It  is  proba- 
ble, therefore,  that  oximes  and  hydrazones  are  formed  in  steps, 
only  one  of  which — the  addition-reaction — is  measurable : 

R2CO-l-NH20H  =  R2C(OH)NHOH  ss-^  RaCiNOH  +  HA' 

By  combining  the  results  obtained  with  bisulphites,  hy- 
droxylamine,  and  phenylhydrazine,  it  is  possible  to  arrange 
acetaldehyde  and  a  number  of  methyl  ketones  in  the  order 
of  their  activity  in  addition  reactions.  If  the  assumptions 
made  above  are  permissible,  this  order  would  not  be  changed 
by  the  introduction  of  an  unsaturated  residue  into  the  methyl 
group,  provided  that  the  same  residue  is  introduced  into  all 
of  the  ketones.  In  the  following  table  the  first  column  of 
numbers  gives  the  percentage  of  sodium  bisulphite  addition- 
product  formed  in  the  first  forty  minutes,  the  second  the 
percentage  of  oxime  formed  in  ten  minutes,  the  third  that  of 
phenylhydrazone  formed  in  one  hour,  and  the  last  the  per- 
centage of  tertiary  alcohol  obtained  by  treating  the  benzyl- 
idene  derivatives  of  the  same  substances  with  phenylmag- 
nesium  bromide : 


CH3CH0 
CH3COCH3 

88.7 

53-6 

*. 

45-1 

3- 

66 

4- 
100 

88 

CH3COC3H, 
CH3COC3H7 

29.1 

36.6 
34-7 

52 
38 

60 
42 

»  J.  Chem.  Soc.,87,  185. 

2  Ann.  Chem.  (Liebig),  342.  163. 

»  Ber.  d.  chem.  Ges.,  34,  1702.     J.  Chem.  Soc,  87,  410. 

*  Ann.  Chem.  (Liebig),  342,  154. 

'  Stewart:  Loc.  cti. 
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CHgCOCHCCHg)^ 

9-4 

2. 

31-4 

3- 

15 

4- 
12 

CH3COC(CH3)3 

5.6 

12.9 

3.6 

O 

CH3C0CeH, 

o 

8 

3-7 

O 

CH3COCeH3(CH3)3 

o 

o 

o 

O 

It  is  evident  that  the  activity  of  the  carbonyl  group  of 
unsaturated  ketones  varies  in  the  same  way  as  that  of  the 
corresponding  saturated  compounds  and  that  this  is  an  im- 
portant factor  in  determining  the  mode  of  addition  of  Grig- 
nard's  reagent.  Variations  in  the  activity  of  this  group  do 
not,  however,  have  the  same  consequences  in  the  different 
reactions  under  comparison.  The  addition  of  bisulphite  to 
aldehydes  and  ketones  is  a  reversible  process.  The  activity 
of  the  carbonyl  group,  therefore,  determines  the  composition 
of  the  equilibrium  and,  in  practice,  the  reaction  can  be  com- 
pleted by  using  excess  of  reagent  or  by  removing  the  product. 
Oxime  and  phenylhydrazone  formation  are  in  most  cases  not 
measurably  reversible ;  hence,  the  activity  of  the  carbonyl 
group  merely  determines  the  rate. 

The  reaction  between  unsaturated  compounds  is  likewise 
not  reversible,  but  there  are  two  possibilities.  The  final  result, 
therefore,  depends  quite  as  much  upon  the  rate  of  1,4-addition 
as  upon  the  activity  of  the  carbonyl  group,  and  substances 
in  which  this  activity  is  approximately  the  same  may  give 
almost  totally  different  products  with  the  same  reagent.  This 
is  illustrated  by  the  following  series,  where  the  reagent  was 
phenylmagnesium  bromide : 

fCH3 
I.  CH,CH:CHC0CH3  gave  40  per  cent  CHgCHiCHC     OH 

[  C«H, 
60  per  cent  CH3CH(C6H5)CH2COCH3. 
fCHj 
II.  (CH3)2C:CHCOCH3  gave  100  per  cent  (CH3)2C:CHC     OH 

o  per  cent  (CH3)2C(C6H3)CH2COCH3. 
[CeH^ 
III.  CeHgCH :  CHCOCeHs  gave  4  per  cent  CgH^CH :  CHC  \  OH 


CeHs 
96  per  cent  (C6H5),CHCH2COC6H5. 
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.V.  CjHgCCCHs)  XHCOCeHg  gave  41  per  cent  C8H5C(CH3) :  CHC  \  OH 

CeHg 

59  per  cent  (C«H5)2C(CH3)CH3COC,H5. 
f  C  H 
V.  (CeHJaCiCHCOCgH.  gave  100  per  cent  (CgHj^CiCHaC  {  Oh' 

ICeH^ 

As  the  activity  of  the  carbonyl  in  V.  is  certainly  not  greater, 
and  probably  somewhat  less,  than  in  III.,  the  surprising  differ- 
ence in  the  results  can  only  be  due  to  a  diminution  in  the  rate 
of  1,4-addition,  owing  to  the  presence  of  the  second  phenyl 
in  the  /5-position.  The  interference  of  the  two  phenyl  groups 
in  this  position  is  so  great  that  when  the  carbonyl  is  rendered 
inactive  by  the  introduction  of  a  hydrocarbon  residue  in  the 
a-position  the  result  is  complete  inertness  towards  phenyl- 
magnesium  bromide.  This  was  observed  in  tetraphenyl- 
propenone,  which  has  phenyl  in  the  a-position,  and  in  di- 
phenylpropionylmesitylene,  in  which  the  inactivity  of  the 
carbonyl  group  is  due  to  diorthosubstitution. 

The  progressive  retardation  of  the  two  rates  of  reaction 
as  the  hydrogen  atoms  are  replaced,  step  by  step,  with  hydro- 
carbon residues  is  quite  noticeable  in  the  performance  of  the 
experiments.  Aldehydes  react  energetically  at  — 37°,  and 
the  colored  intermediate  products  disappear  at  once.  The 
replacement  of  the  hydrogen  in  the  aldehyde  group  with 
methyl  already  causes  a  perceptible  loss  in  activity;  the  inter- 
mediate compounds  no  longer  disappear  immediately  at 
— 37°,  but  the  reaction  still  proceeds  freely  at  0°.  When 
isopropyl  or  phenyl  is  introduced  in  place  of  methyl,  the  col- 
ored products  accumulate  at  zero,  but  disappear  at  the  ordi- 
nary temperature.  When,  finally,  hydrocarbon  residues  are 
also  introduced  in  the  /?-position  the  reaction  must  be  com- 
pleted by  boiling. 

The  diminution  in  reactivity  that  is  brought  about  by  sub- 
stitution is  generally  attributed  to  steric  hindrance,  and  this 
is  a  satisfactory  explanation  of  the  facts  described  in  this 
paper,  Stewart  and  Baly^  recently  discovered  an  interest- 
ing relation  between  the   rate  of  addition  to   aldehydes  and 

'  J,  Chem.  Soc,  89,  618. 
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ketones  and  the  absorption  spectra  of  these  substances  in 
the  ultra-violet.  They  draw  attention  to  what  they  regard 
as  the  shortcomings  of  the  theory  of  steric  hindrance  and 
propose  "  isorropesis " — a  conception  based  on  the  relation 
they  discovered — as  an  explanation  for  chemical  activity^ 
This  explanation  is  also  applicable  to  the  facts  under  consid- 
eration, but  as  an  investigation  of  the  absorption  spectra  of 
unsaturated  aldehydes  and  ketones  is  now  in  progress,  I  shall 
defer  the  application  until  the  results  of  this  investigation 
are  available. 

In  order  to  show  as  clearly  as  possible  how  the  nature  of 
the  unsaturated  compound  affects  the  course  of  the  reaction, 
I  have  considered,  hitherto,  only  the  results  obtained  with  a 
single  reagent.  The  table  near  the  beginning  of  the  paper 
shows  a  considerable  difference  in  the  relative  amounts  of 
1,2-  and  1,4-addition  obtained  with  ethyl-  and  phenylmagne- 
sium  bromides.  Similar  results  had  previously  been  observed 
in  the  case  of  unsaturated  nitriles.^  The  following  series, 
which  gives  the  percentage  of  ketone  obtained  by  treating 
benzalethylmethyl  ketone  with  various  reagents,  indicates 
that  the  difference  is  due  to  the  chemical  character  of  ali- 
phatic and  aromatic  magnesium  compounds. 

CHgMgBr  70 

C^H^MgBr  71 

C3H,C(CH3)MgBr  69 

CeHsCH^MgBr  68 

CeHsMgBr  40 

The  only  other  factors  to  be  considered  are  temperature 
and  solvent.  For  the  purpose  of  detecting  any  effect  due  to 
differences  in  temperature,  equal  quantities  of  benzalethyl- 
methyl ketone  were  added  slowly  to  corresponding  solutions 
of  ethylmagnesium  bromide,  one  of  which  was  kept  at  — 37°, 
the  other  at  the  boiling  point.  The  two  solutions  gave  al- 
most the  same  amounts  of  ketone,  and  a  similar  result  was 
obtained  when  the  experiment  was  repeated  with  phenylmag- 
nesium  bromide  as  the  reagent. 

It  is  exceedingly  difficult  to   get  trustworthy    results    in 

J  This  Journal,  36,  386. 
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solvents  other  than  ether.  By  TscheUnjeflF's*  method  it  is 
easy  to  prepare  organic  magnesium  derivatives  in  indifferent 
solvents,  but  their  insolubility  in  these  solvents  interferes 
with  the  reaction.  It  was  pointed  out  in  earlier  papers  that 
in  order  to  avoid  complex  products  it  is  generally  necessary 
to  use  considerable  excess  of  reagent.  The  concentration  of 
the  reagent  in  most  indifferent  solvents  is  so  small  that  it  is 
usually  impossible  to  prevent  local  excess  of  unsaturated 
compound.  For  this  reason  the  only  successful  experiments 
were  those  carried  out  in  very  dilute  solutions  of  benzene 
and  ethyl  bromide.  In  these  solvents  benzalacetone  and 
ethylmagnesium  bromide  gave  the  same  results  as  in  ether. 

The  facts  discussed  above  do  not  support  the  current  con- 
ceptions relating  to  unsaturated  compounds.  The  simplest 
and,  in  many  ways,  the  most  satisfactory  explanation  of  the 
addition  reactions  of  unsaturated  substances  is  that  proposed 
by  Thiele.2  Thiele  was  the  first  to  recognize  the  importance 
of  1,4-addition  to  compounds  that  have  two  double  linkages 
in  combination  with  two  adjoining  carbon  atoms,  and  he  de- 
veloped his  theory  of  "partial  valences  and  conjugated  double 
linkages"  to  account  for  this  mode  of  addition  and  for  the  ap- 
parent inactivity  of  two  of  the  unsaturated  carbon  atoms. 
At  the  time  only  one  case  was  known  where  a  substance  con- 
taining such  a  system  of  double  linkages  formed  more  than 
one  addition  product  with  the  same  reagent.  This  was  cin- 
namic  aldehyde,  which  gives  two  products  with  acid  sulphites. 

Thiele  evidently  regarded  cinnamic  aldehyde  as  an  excep- 
tion. He  concluded  that  "in  some  addition  reactions  the  re- 
sult is  afifected  by  influences  that  at  present  are  indefinable." 
My  results  show,  however,  that  the  behavior  of  cinnamic 
aldehyde  is  not  exceptional,  because  most  ketones  give  two 
products  with  the  same  organic  magnesium  compound.  This 
behavior  of  unsaturated  compounds  resembles  that  of  tauto- 
meric substances,  but  in  the  case  of  unsaturated  ketones  it 
is  not  possible  to  explain  the  results  by  intermediate  com- 
pounds, or  by  assuming  that  only  one  of  the  products  is  formed 
directly. 

»  Ber.  d.  chem.  Ges.,  87,  2081. 

«  Ann.  Chem.  (Liebig),  806,  87;  811,  241. 
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The  only  satisfactory  way  to  account  for  two  addition  re- 
actions which  are  so  independent  of  each  other  that  their 
rates  are  controlled  by  quite  different  factors  is  to  assume 
that  these  unsaturated  compounds  are  capable  of  reacting 
in  two  modifications.     These  may  be  represented  by 

C.C.C.C  ^  C.C.C.C 

or  without  using  partial  valences  by 

C:C.C:C  ^  C.C:C.C. 

I  1 

These  formulas  are  among  those  used  by  KnoevenageP  to 
represent  his  explanation  of  i  ,4-addition  on  the  basis  of  stereo- 
chemistry; but  I  propose  to  use  them  simply  as  the  best  means 
of  representing  a  number  of  experimental  facts,  without  any 
reference  to  space  relations.  If,  as  is  probable,  the  change 
from  one  modification  to  the  other  takes  place  more  rapidly 
than  any  addition  reactions,  then  the  relative  amounts  of 
1,2-  and  1,4-addition  products  will  depend  solely  upon  the 
rates  of  addition  to  the  systems  I.  and  11.  The  relative 
amounts  of  these  products  ought  to  be  independent  of  the 
nature  of  the  solvent,  because  this  would  affect  both  rates 
in  the  same  way.  They  might  vary  with  the  temperature 
because  even  for  closely  related  reactions  the  temperature 
coefficient  is  not  necessarily  the  same.  The  relation  between 
the  two  rates  would,  however,  depend  mainly  upon  the  atoms 
or  groups  located  at  different  parts  of  the  chain  and  upon  the 
character  of  the  addenda.  This  follows  from  the  behavior  of 
saturated  carbonyl  compounds  and  that  of  ethylene  deriva- 
tives which  have  only  one  double  linkage. 

By  adopting  formulas  like  those  proposed  or,  better  per- 
haps, by  recognizing  that  in  the  addition  reactions  of  sub- 
stances containing  the  conjugated  system,  C:C.C:0,  the  out- 
come is  the  resultant  of  two  simultaneous  reactions  that  pro- 
ceed independently,  a  much  more  satisfactory  explanation 
for  the  behavior  of  these  substances  can  be  given  than  has 
hitherto    been    possible.     An    examination    of    the    literature 

1  Ann.  Chem.  (Liebig),  311,  215. 
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bearing  on  the  subject  discloses  many  results  that  appear  to 
be  contradictory.  These  are  due  to  secondary  reactions 
that  mask  the  additive  processes.  Nearly  all  reactions  in- 
volving 1,2-addition  to  carbonyl  are  reversible,  and  all  prod- 
ucts formed  by  1,4-addition,  except  those  obtained  with  Grig- 
nard  reagents,  immediately  undergo  rearrangement  into  satu- 
rated compounds  that  are  still  capable  of  1,2-addition  to  car- 
bonyl. As  a  result,  the  products  ultimately  obtained  do  not 
represent  the  relative  rates  of  addition  but  the  relative  sta- 
bility of  the  substances  under  the  conditions  of  the  experi- 
ment. 

The  reaction  between  cinnamic  aldehyde  and  acid  sodium 
sulphite,  for  example,  takes  place,  mainly,  as  represented  by 
the  equation 

I.  CeHjCH-.CHO  +  HNaSOg       ^       C6H5CH:CH(OH)S03Na. 
A  small  quantity  may  react  according  to  the  equation 

II.  CeHsCHrCHCHO  +  HNaSOg     = 

CeH5CH(S03Na)CH :  CHOH     ^->- 

CeH5CH(S03Na)CH2CHO. 

In  the  absence  of  secondary  reactions  the  product  would 
be  composed  of  oxysulphonate  mixed  with  a  small  quantity 
of  saturated  aldehyde,  but  as  the  first  reaction  is  reversible 
under  the  conditions  of  the  experim.ent  while  the  second  is 
not  the  product  of  the  first  reaction  slowly  but  completely 
passes  into  that  of  the  second.  For  this  reason  the  latter  is 
the  only  substance  obtained  when  equimolecular  quantities 
of  the  reagents  are  allowed  to  remain  in  contact  until  the 
change  is  complete.  In  the  meanwhile,  however,  a  third  re- 
action takes  place,  owing  to  the  rearrangement  of  the  1,4-ad- 
dition product: 

III.  C6H5CH(S03Na)CH2CHO  +  HNaSOg     ^ 

CeHjCH  (S03Na)  ChTcH  (0H)S03Na. 

As  this  reaction  is  reversible,  like  the  first,  the  product 
ultimately  disappears,  but  by  interrupting  the  reaction  be- 
fore it  is  complete  it  is  easy  to  get  all  three  products,  and 
the    relative    amounts   obtained   in    this   way   do    not  repre- 
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sent  the  relative  ease  with  which  1,2-  and  i  ,4- addition  is  ac- 
complished; they  depend  entirely  upon  the  time  of  interrup- 
tion. 

The  reaction  between  unsaturated  ketones  and  hydroxyl- 
amine  represents  a  still  more  complicated  case  in  point.  The 
two  primary  processes  are  represented  by  the  equations 

I.  RCH:CHCOR  +  NHpH     ^ 

RCH :  CHC(R)  (0H)NH20H     ^ 

HP  +  RCH :  CHC(R) :  NOH. 

II.  RCH-.CHCOR  -f  NH2OH     = 

RCH(NHOH)CH:C(R)OH    s-^ 

RCH(NH0H)CH2C0R. 

The  first  reaction  is  reversible  at  every  step,  hence  under 
favorable  conditions  the  product  of  this  reaction  may  pass 
completely  into  that  of  the  second  reaction,  but  under  other 
conditions  as,  for  example,  when  it  is  fixed  in  the  form  of  hy- 
drochloride, it  may  remain  unchanged.  The  result,  there- 
fore, de{)ends  upon  whether  the  reaction  takes  place  in  neutral 
or  acid  solution.  The  product  of  the  first  reaction,  more- 
over, contains  a  new  conjugated  system  that  may  react  with 
a  second  molecule  of  hydroxylamine  and  form  an  oxamino- 
oxime  according  to  the  equation 

III.  RCH:CHCR:NOH  +  NHpH     = 

RCH(NHOH)CH:C(R)NHOH    e-^ 

RCH(NH0H)CH2C(R) :  NOH. 

The  primary  product  of  the  second  reaction  immediately 
undergoes  rearrangement  into  an  oxamino  ketone  that  may  also 
react  with  a  second  molecule  of  hydroxylamine.  When  re- 
sults depend  so  largely  upon  experimental  conditions  as  these 
do,  it  is,  of  course,  impossible  to  draw  trustworthy  conclu- 
sions either  as  to  the  course  of  the  reaction  or  as  to  the  nature 
of  unsaturated  compounds. 

The  reaction  between  unsaturated  compounds  and  organic 
magnesium  compounds  is  not  reversible  and  both  of  the  ad- 
dition products  are  stable.  For  this  reason  it  has  been  possi- 
ble not  only  to  prove  conclusively  that  one  of  the  products 
is  formed  by  1,4-addition  but  also  to  get  a  definite  conception 
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of  the  factors  that  determine  the  mode  of  addition  to  conju- 
gated systems. 

EXPERIMENTAL   PART. 
Acrolein. 

The  acrolein  used  in  the  following  experiments  was  made 
by  heating  glycerin  with  boric  acid,  as  directed  by  Wohl 
and  Neuberg.^  This  method  gives  an  excellent  yield,  but  to 
get  a  perfectly  pure  aldehyde  is  much  more  difficult  than  is 
indicated  by  the  statements  of  the  authors.  My  product, 
after  purification  in  accordance  with  their  directions,  boiled 
at  48°-56°  and  repeated  fractional  distillations  with  an  effi- 
cient still-head  were  necessary  to  get  a  constant  boiling  point 
of52°-53°. 

Reaction  with  Ethylmagnesium  Bromide. — An  ethereal  solu- 
tion of  100  grams  of  acrolein  was  added  very  slowly  to  a  simi- 
lar solution  of  the  reagent  made  from  80  grams  of  magnesium 
and  cooled  in  a  freezing  mixture.  The  resulting  magnesium 
derivative  was  immediately  decomposed  with  iced  acid  and  the 
ethereal  layer  separated  and  shaken,  mechanically,  for  ten 
hours  with  a  freshly  prepared,  saturated  solution  of  potassium 
bisulphite.  As  no  solid  separated,  the  bisulphite  solution 
was  drawn  off,  the  ether  pumped  out  of  it,  and  the  residue 
distilled  after  addition  of  excess  of  sodium  carbonate.  No 
organic  substance  passed  into  the  distillate,  thus  proving 
the  complete  absence  of  aldehydes  in  the  product.  The 
ethereal  layer  was  dried,  the  ether  removed,  and  the  residue 
distilled  under  diminished  pressure.  The  result  was  122 
grams  of  ethylvinylcarbinol,  boiling  at  114°-!  16°,  and 
about  20  grams  of  a  colored  residue  that  was  probably  a  poly- 
merization product  of  the  alcohol,  because  it  lost  water  on 
distillation. 

Reaction  with  Phenylmagnesium  Bromide. — This  reaction 
was  recently  described  by  Klages.^  My  experiment  was 
carried  out  exactly  like  that  with  ethylmagnesium  bromide. 
The  bisulphite  test  showed  that  the  product  was  entirely  free 
from    aldehyde.     The    only  substance  obtained    was   phenyl- 

1  Ber.  d.  chem.  Ges.,  36,  3166. 

2  Ibid.,  39,  2552. 
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allyl  alcohol,  boiling  at  i24°-i25°  (30  mm.),  and  under  ordi- 
nary pressures  at  2i5°-2i6°.  The  same  substance  was  ob- 
tained by  Klages. 

Ethylidenacetone. 

Ethlylidenacetone  was  made  by  condensing  acetaldehyde 
with  acetone  and  eliminating  water  from  the  product.  The 
condensation  was  carried  out  as  directed  by  Claissen,*  but 
instead  of  purifying  the  intermediate  product,  the  entire 
fraction  distilling  at  7o°-9o°  (20  mm.)  was  boiled  with  an 
equal  weight  of  acetic  anhydride.  This  procedure  saves 
both  time  and  material  because  it  is  easier  to  purify  the  un- 
saturated ketone  than  the  aldol  condensation  product.  The 
yield  was  113  grams  from  i  kilogram  of  aldehyde  and  2  kilo- 
grams of  acetone. 

Reaction  with  Methylmagnesium  Bromide. — An  ethereal  solu- 
tion of  35  grams  of  the  ketone  was  added  to. a  cooled  solution 
of  the  reagent  containing  20  grams  of  magnesium.  After 
decomposing  the  product  with  ice  and  removing  the  magne- 
sium salts  and  ether  there  remained  42  grams  of  a  colorless 
liquid  that  boiled  at  io8°-ii4°.  Half  of  this  liquid  was 
dissolved  in  ether  and  shaken  for  five  hours  with  excess  of  a 
saturated  solution  of  sodium  bisulphite.  The  ethereal  layer, 
after  washing  and  drying,  gave  4.2  grams  of  liquid  that  boiled, 
constantly,  at  112°,  readily  decolorized  a  solution  of  bromine 
in  chloroform  and  reduced  potassium  permanganate  at  the 
ordinary  temperature.  This  product  was  evidently  dimethyl- 
isoallylcarbinol,  formed  by  addition  of  the  reagent  to  car- 
bonyl.  The  bisulphite  layer  was  treated  with  excess  of  sodium 
carbonate  and  distilled  until  the  residue  was  odorless.  The 
distillate  was  saturated  with  potassium  carbonate  and  ex- 
tracted with  ether.  It  yielded  14.2  grams  of  a  colorless  liquid 
that  boiled  at  115°  and  was  indifferent  to  permanganate. 
This  was  methyhsobutyl  ketone,  formed  by  1,4-addition. 

The  other  half  of  the  product  was  dissolved  in  acetone, 
cooled  with  ice-water  and  treated  with  permanganate.  The 
salts  and  oxides  of  manganese  were  removed  by  filtration 
and  the  solution  in  acetone  fractioned.     It  yielded  16  grams 

»  Ber.  d.  chem.  Ges.,  32.  1352. 
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of  methylisobutyl  ketone.  Both  methods  of  separation 
show  that  about  75  per  cent  of  the  product  is  a  ketone  formed 
by  1 ,4-addition. 

Reaction  with  Ethylmagnesium  Bromide:  ^-Keto-y-methyl- 
hexanone,  C2H5CH(CH3)CH2COCH3.— The  procedure  was  the 
same  as  with  methylmagnesium  iodide,  but  as  the  tertiary 
alcohol  lost  water  below  100°  the  entire  product  was  treated 
with  potassium  permanganate.  The  result  was  19.5  grams 
of  saturated  ketone  from  20  grams  of  ethylidenacetone. 

Analysis : 

0.1420  gram  substance  gave  0.3817  gram  CO2  and  0.1504 
gram  Ufi. 


Calculated  for 

Found. 

CvHuO. 

c 

73.68 

73.31 

H 

12.28 

12.40 

The  ketone  is  a  mobile  liquid  boiling  at  I46°-I47°.  It 
readily  combines  with  sodium  bisulphite,  forming  a  product 
that  is  oily  at  the  ordinary  temperature  but  solidifies  in  a 
freezing  mixture. 

Reaction  with  Phenylmagnesium  Bromide:  ^-Phenylmethyl- 
propyl  Ketone,  CH3CH(C6H5)CH2COCH3.— The  entire  product 
of  the  reaction  from  40  grams  of  unsaturated  compound  was 
treated  with  potassium  permanganate  dissolved  in  acetone. 
The  residue  left  after  removing  oxides  of  manganese  and  ace- 
tone was  fractioned  under  diminished  pressure.  It  gave  30 
grams  of  ketone,  boiling  at  132°  (22  mm.). 

Analysis : 

0.1368  gram  substance  gave  0.4068  gram  COj  and  0.1083 
gram  HjO. 


Calculated  for 

C11H14O. 

c 

81.48 

H 

8.64 

«1 .10 

8.79 

The  ketone  forms  a  very  unstable  crystalline  addition 
product  with  sodium  bisulphite. 

Phenylpentanonoxime,  CH3CH(C,H5)CH2C(CH3)  :  NOH.— 
The  oxime  was  obtained  by  boiling  an  alcoholic  solution  of 
the  ketone  with  hydroxylamine  hydrochloride  and  potassium 
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hydroxide  and  distilling  the  product  under  diminished  pressure. 
It  is  a  viscous  liquid  boiling  at  i6o°  (20  mm.). 

Analysis : 

0.1601  gram  substance  gave  0.4367  gram  CO2  and  0.1253 
gram  HjO. 

Calculated  for  Found. 

CuHibON. 

C  74-57  74-39 

H  8.53  8.69 

Mesityl  Oxide. 

The  reaction  between  mesityl  oxide  and  Grignard's  reagent 
has  been  studied  by  Grignard^  and  by  v.  Fellenberg.^  Grig- 
nard,  using  methylmagnesium  iodide,  obtained  70  per  cent  of 
the  calculated  5deld  of  dimethylpentadiene,  formed  by  loss  of 
water  from  an  intermediate  tertiary  alcohol,  v.  Fellenberg, 
by  distilling  under  very  low  pressures,  obtained  the  alcohol 
itself.  As  these  investigators  had  no  reason  to  suspect  the 
possibility  of  1,4-addition,  I  repeated  the  experiment  but  used 
a  large  excess  of  reagent  in  order  to  prevent  the  formation  of 
complex  products. 

Ethereal  solutions  containing  200  grams  of  ketone  and  the 
ethylmagnesium  bromide  obtained  from  70  grams  of  magne- 
sium, were  brought  together  very  slowly  in  a  freezing  mixture. 
The  product,  separated  in  the  usual  way,  was  divided  into 
two  portions,  one  of  which  was  boiled  with  alkaline  solution 
of  hydroxylamine  while  the  other  was  treated  with  perman- 
ganate dissolved  in  acetone.  Two  grams  of  the  portion  that 
had  been  boiled  with  hydroxylamine  and  subsequently  washed 
and  dried  were  tested  for  nitrogen  in  the  usual  way.  No 
nitrogen  was  found.  The  remainder  was  distilled  under  di- 
minished pressure  and  the  residue  left  after  removing  the  hy- 
drocarbon again  tested  for  nitrogen,  but  with  the  same  result 
as  before. 

The  treatment  with  permanganate  also  showed  that  the 
product  contained  no  ketone.  The  acetone  left  after  salts  and 
oxides  of  manganese  had  been  removed  was  distilled  with  an 
efficient  still-head.     It  boiled  at  56°-57°,  leaving  only  a  small 

1  Compt.  rend.,  130,  1324. 
«  Ber.  d.  chem.  Ges.,  37,  3578. 
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quantity  of  residue.  When  this  was  digested  with  semicarba- 
zide  it  gave  0.3  gram  of  a  crystalline  semicarbazone,  but  the 
analyses  showed  that  this  was  derived  from  some  very  com- 
plex product.  It  seems  certain,  therefore,  that  no  1,4-addi- 
tion  takes  place  in  the  case  of  mesityl  oxide. 

Benzalacetone. 

Grignard^  added  benzalacetone  to  methylmagnesium  iodide 
and  obtained  phenylmethylbutadiene — a  solid  melting  at  27°. 
Later,  Klages^  added  the  same  ketone  to  methylmagnesium 
iodide  and  ethylmagnesium  bromide  and  obtained  "a  good 
yield"  of  unsaturated  hydrocarbons.  It  is  probable  that 
his  products  were  impure,  because  he  describes  phenylmethyl- 
butadiene as  a  liquid,  and  his  analytical  results  for  the  corre- 
sponding ethyl  derivative  are  too  low.  In  the  first  paper' 
of  this  series  I  described  an  experiment  which  showed  that 
the  principal  product  with  phenylmagnesium  bromide  is 
methyldiphenylpropenol.  A  repetition  of  all  these  experi- 
ments on  a  larger  scale  has  shown  that  some  ketone,  due  to 
1,4-addition,  is  formed  in  each  case  and  that  with  aliphatic 
magnesium  compounds  this  is  the  principal  product. 

Reaction  with  Ethylmagnesium  Brom,ide. — An  ethereal  solu- 
tion of  60  grams  of  benzalacetone  that  had  been  carefully 
purified  by  recrystallization  from  ether  was  added  to  ethyl- 
magnesium bromide  made  from  18  grams  of  magnesium  and 
kept  cool  in  a  freezing  mixture.  The  resulting  liquid  was  im- 
mediately poured  on  cracked  ice  and  treated  with  iced  hydro- 
chloric acid.  The  ethereal  layer  was  dried,  the  ether  removed, 
and  the  residue  distilled  under  diminished  pressure.  The 
result  was  68  grams  of  a  liquid  boiling  at  i26°-i30°  (18  mm.) 
and  2  grams  of  a  thick  paste  boiling  above  180°,  evidently  a 
complex  product. 

Analyses  showed  that  the  liquid  boiling  at  i26°-i30°  was 
a  mixture,  but  it  was  not  possible  to  separate  it  completely 
by  distillation.  The  entire  product  was  therefore  dissolved 
in   acetone    and   treated    with    potassium    permanganate    as 

»  Ann.  Chim.  Phys.  [7],  24,  486. 
»  Ber.  d.  chem.  Ges.,  36,  2651. 
»  This  Journal,  31,  642. 
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long  as  this  was  reduced  below  15°.  The  residue  left  after 
removal  of  the  oxides  of  manganese  and  of  acetone  boiled  at 
130°  (18  mm.)  was  indifferent  to  permanganate  and  did  not 
decolorize  a  solution  of  bromine  in  chloroform.  The  yield  of 
ketone  was  41  grams. 

Analysis : 

0.1202  gram  substance  gave  0.3605  gram  CO2  and  0.0995 
gram  HgO. 


Calculated  for 
CiaHieO. 

Found. 

c 

81.85 

81.78 

H 

9.09 

9.19 

Phenylhexanonoxime,  C2H5CH(C6H5)CH2C(CH3)  :NOH.— Ta 
prove  that  the  substance  is  a  ketone  it  was  dissolved  in  alcohol 
and  boiled  with  excess  of  hydroxylamine  hydrochloride  and 
potassium  hydroxide.  The  product,  purified  by  vacuum  dis- 
tillation, was  a  colorhss  liquid  boihng  at  170°  (20  mm.),  mobile 
when  hot,  but  very  yiscous  at  the  ordinary  temperature. 

Analysis: 

0.1606  gram  substance  gave  0.4169  gram  CO2  and  0.1233 
gram  HjO. 

Calculated  for 
C12H17ON.  Found. 

C  7538  75-49 

H  8.90  9  09 

These  results  show  that  about  60  per  cent  of  the  product 
obtained  by  treating  benzalacetone  with  ethylmagnesium 
bromide  is  a  saturated  ketone  formed  by  i  ,4-addition.  Two 
additional  experiments  were  made  for  the  purpose  of  testing 
the  constancy  of  the  ratio  between  ketone  and  hydrocarbon. 
In  one  30  grams  of  unsaturated  ketone  were  added  to  excess 
of  ethylmagnesium  bromide,  in  the  other  the  same  amount 
of  ketone  was  added  to  ethylmagnesium  iodide.  In  each 
case  the  entire  product  was  treated  with  permanganate  with- 
out previous  distillation.  The  first  experiment  gave  22.2  grams, 
the  second  21.6  grams,  of  phenylhexanone.  The  ratio  is,  there- 
fore, constant  and  it  is  not  influenced  by  the  nature  of  the 
halogen. 

Reaction  with  Phenylmagnesium  Bromide:  ^,^-Diphenyl- 
ethylmethyl    Ketone,     (C6H5)2CHCH2COCH3.— The    experiment 
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was  made  with  240  grams  of  ketone  and  72  grams  of  magne- 
sium dissolved  in  brombenzene.  Half  of  the  product  was 
distilled  under  diminished  pressure,  but  this  method  of  sepa- 
ration proved  unsatisfactory.  The  liquid  began  to  distil  at 
170°  (20  mm.)  and  the  temperature  rose  steadily  to  280° 
(20  mm.)  when  the  distillation  was  interrupted. 

The  remainder  of  the  product  was  dissolved  in  acetone  and 
treated  with  potassium  permanganate.  The  acetone  solu- 
tion, freed  from  oxides  of  manganese,  was  distilled  with  steam. 
The  distillate  contained  benzene,  formed  by  the  action  of 
water  on  excess  of  reagent,  a  small  quantity  of  brombenzene 
and  II  grams  of  diphenyl.  The  residue  left  in  the  distilling 
flask  was  dissolved  in  ether  and  the  solution  dried  with  sodium 
sulphate  and  fractioned  under  diminished  pressure.  It  gave 
18  grams  of  ketone  boiling  at  194°  (20  mm.).  This  represents 
about  12  per  cent  of  the  original  ketone. 

Analysis : 

0.1414  gram  substance  gave  0.4480  gram  CO2  and  0.0916 
gram  Ufi. 

Calculated  for 

CibH,60.  Found. 

C  85.71  85.44 

H  7.14  7.19 

Diphenylethylmethyl  Ketoxime,  (C6H5)2CHCH2C(CH3) :  NOH. 
— The  oxime  was  made  by  boiling  an  alcoholic  solution  of 
the  ketone  with  hydroxylamine  hydrochloride  and  potas- 
sium hydroxide  and  distilling  the  product  under  dimin- 
ished pressure.  The  distillate,  collected  from  220°-222°, 
soHdified  on  standing.  The  solid  was  powdered  and  boiled 
with  ligroin  (30  "-50°).  This  extracted  a  product  that,  after 
several  recrystallizations  from  ligroin  containing  a  small 
quantity  of  ether,  separated  in  plates  melting  at  91°.  The 
residue  left  after  extraction  was  crystallized  from  ether,  from 
which  it  separated  in  lustrous  needles  melting  at  128°.  It 
is  readily  soluble  in  all  common  organic  solvents  except  low- 
boiling  ligroin.  The  following  analyses  show  that  these  two 
products  are  isomeric  oximes. 

I.  0.152 1  gram  substance  (91°)  gave  0.4467  gram  CO2  and 
0.0999  gram  HjO. 
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II.  0.1690  gram  substance  (128°)  gave  0.4970  gram  CO2  and 
0.1 1 19  gram  HjO. 


Calculated  for 

Found. 

CiiOl.vON. 

I. 

II. 

c 

80.33 

80.09 

80.11 

H 

7. II 

7.29 

7.35 

Benzalethylmethyl  Ketone. 

Reaction  with  Ethylmagnesium  Bromide:  Phenylheptanone, 
C2H5CH(C6H5)CH2COC2H5.— The  procedure  was  the  same  as 
with  benzalacetone.  The  product  was  distilled,  first  under 
diminished  pressure,  when  it  boiled  at  i35°-i40°  (20  mm.), 
then  under  ordinary  pressure,  boiling  point  250^-255°.  It 
was  plainly  a  mixture,  but  separation  by  distillation  was  im- 
practicable with  the  quantity  of  material  available.  The 
experiment  was  therefore  repeated  and  the  product  at  once 
treated  with  potassium  permanganate  dissolved  in  acetone. 
The  unoxidized  compound  boiled  at  142°  (17  mm.). 

Analysis : 

0.15 1 1  gram  substance  gave  0.4537  gram  COg  and  0.13 12 
gram  HjO. 


Calculated  for 
CisHigO. 

Found. 

c 

82.10 

81.88 

H 

9-49 

9.64 

P- Phenylheptanone  is  a  mobile  liquid  that  boils  without 
decomposition  at  255°.  The  5deld — 24  grams  from  30 
grams  of  unsaturated  ketone — represents  approximately  70  per 
cent  of  the  possible  amount.  The  oxime,  made  like  those 
described  previously,  is  a  very  viscous  liquid  boiling  at  172° 
(18  mm.). 

Analysis : 

0.1417  gram  substance  gave  0.3955  gram  CO2  and  0.12 11 
gram  H2O. 


Calculated  for 

CsHigON. 

Found. 

c 

76.05 

76.12 

H 

9.27 

9-49 

Reaction  with  Isohutylmagnesium  Bromide:  Methylphenyl- 
ocianone,  C2H6CH(CHs)CH(C,H6)CH2COC2H6.— The  experi- 
ment was  made  with  30  grams  of  unsaturated  ketone  and  the 
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entire  product  dissolved  in  acetone  and  treated  with  perman- 
ganate. The  residue  left  after  removing  oxides  of  manganese 
and  acetone  was  distilled  under  diminished  pressure.  It 
yielded  23.5  grams  of  ketone  boiling  at  152°  (17  mm.).  This 
amount  is  very  little  less  than  that  obtained  with  ethylmagne- 
sium  bromide. 

Analysis : 

0.1402  gram  substance  gave  0.4231  gram  COj  and  0.1300 
gram  HjO. 


Calculated  for 

CisHzzO. 

Found. 

c 

82.57 

82.30 

H 

10.10 

10.31 

The  oxime  is  a  viscous  liquid  boihng  at  185°. 
Analysis : 

0.1420  gram  substance  gave  0.401 1  gram  COj  and  0.1280 
gram  U^O. 

Calculated  for 

C16H23ON.  Found 

C  77-25  76.89 

H  9.87  10.00 

Reaction  with  Phenylmagnesium  Bromide:  Diphenylpenta- 
none,  (C6H5)2CHCH2C02C2Hg. — The  experiment  was  performed 
with  100  grams  of  unsaturated  ketone.  Half  of  the  product 
was  fractioned  under  diminished  pressure.  After  losing 
water  freely  at  about  180°  it  began  to  distil  at  203°  (20  mm.), 
but  the  temperature  rose  to  285°,  where  the  distillation  was 
interrupted.  There  was  a  large  quantity  of  highly  colored 
residue,  indicating  extensive  polymerization  of  the  unsatura- 
ted hydrocarbon. 

The  remainder  of  the  product  was  dissolved  in  acetone 
and  oxidized  with  excess  of  permanganate.  The  oxides  of 
manganese  were  filtered  off  and  extracted  with  boiling  water. 
From  the  aqueous  solution  hydrochloric  acid  precipitated  a 
mixture  of  solid  acids.  These  were  dried  and  extracted  with 
ligroin  (30°-50°).  The  ligroin,  on  evaporation,  left  almost 
pure  benzoic  acid.  The  residue,  after  recrystallization  from 
water,  melted  at  132°.  This  was  a,Q:-phenyloxypropionic 
acid,  because  it  gave  propiophenone  when  warmed  with  sul- 
phuric acid.     The  product  of  the  reaction  therefore  contained 
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some   diphenylpentenol,   which   was   oxidized   as   represented 
by  the  equation : 

CeH^CH :  CHC(C2HJ(CoH5)OH  +  40     = 

CeHsCOOH  +  C,H5(C2H5)COHCOOH 

The  filtrate  from  the  oxides  was  freed  from  acetone  and 
distilled  under  diminished  pressure.  It  was  thus  separated 
into  two  substances  boiling  at  i2o°-i23°  (35  mm.)  and  225° 
(35  mm.).  The  first  of  these  was  propiophenone.  It  boiled 
at  2i4°-2i6°,  solidified  on  cooling,  melted  at  2o°-2i°, 
and  gave  an  oxime  melting  at  53°.  As  a.a-phenyloxypro- 
pionic  acid  is  not  readily  oxidized  by  permanganate  dissolved 
in  acetone,  this  seems  to  indicate  the  presence  of  an  allene  hy- 
drocarbon. 

CH^CH :  C :  C(C2H5)C,H5  +  50     = 

CeHsCOOH  +  CO2  +  C6H5COC2H5. 

An  analysis  of  the  high-boiling  distillate  showed  that  this 
was  diphenylpentanone,  formed  by  1,4-addition.  The  yield 
of  ketone  was  60  grams,  representing  40  per  cent  of  the  un- 
saturated ketone. 

Analysis : 

0,1552  gram  substance  gave  0.4884  gram  CO2  and  0.1076 
gram  HjO. 


Calculated  for 
CnHisO. 

Found. 

c 

H 

85.71 
7.56 

85.82 
7.69 

Diphenylpentanone  is  a  colorless  liquid  boiHng  without  de- 
composition at  334°-335°.  When  digested  with  an  alkaline 
solution  of  hydroxylamine  it  gave  a  mixture  of  stereoiso- 
meric  oximes.  These  were  separated  from  each  other  by 
crystallization  from  aqueous  alcohol,  in  which  the  high-melt- 
ing oxime  is  sparingly  soluble.  One  is  deposited  in  needles 
melting  at  146°,  while  the  other  separates  slowly  in  large, 
lustrous  plates  melting  at  117°. 

Analysis : 

I.  0.1214  gram  substance  (146°)  gave  0.3590  gram  COj  and 
0.0850  gram  HjO. 
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II.  0.1 1 12  gram  substance  (117°)  gave  0.3290  gram  CO2 
and  0.0752  gram  HgO. 

Calculated  for  Found. 

CHisON.  .  I.  II. 

C  80.63  80.64  80.68 

H  7.50  7-77  7  56 

Benzalmethyliso propyl  Ketone. 

Reaction  with  Ethylmagnesium  Bromide:  Phenylmethylhepta- 
none,  C2H5CH(C6H5)CH2COCH(CH3)2.— The  reaction  was  car- 
ried out  with  30  grams  of  unsaturated  ketone  and  the  whole 
product  treated  with  potassium  permanganate  dissolved  in 
acetone.  It  reduced  less  than  1.5  grams  of  the  permanganate. 
The  oxides  of  permanganate  were  extracted  with  boiling 
water,  the  filtrate  evaporated  to  small  volume  and  acidified. 
From  the  solution,  ether  extracted  only  a  small  quantity  of 
benzoic  acid. 

The  acetone  solution  was  rectified  under  diminished  pres- 
sure. It  gave  32  grams  of  ketone,  a  mobile  liquid  boiling  at 
138°  (15  mm.). 

Analysis : 

0.1268  gram  substance  gave  0.3829  gram  CO2  and  0.1144 
gram  HjO. 


Calculated  for 
C14H20O. 

Found. 

c 

H 

82.35 
9.80 

82.15 
10.01 

The  oxime  was  made  in  the  usual  way  and  purified  by  dis- 
tillation under  diminished  pressure.  It  was  obtained  as  a 
very  gummy  liquid  boiling  at  175°  (18  mm.). 

Analysis : 

0.1331  gram  substance  gave  0.3753  gram  CO2  and  0.1174 
gram  H2O. 


Calculated  for 

CiHziON. 

Found. 

c 

76.71 

76.89 

H 

9    59 

9.80 

Reaction  with  Phenylmagnesium  Bromide:  Diphenylmethyl- 
pentanone,  (C6H5)2CHCH2COCH(CH3) 2.— Thirty  grams  of  ketone 
were  used  in  the  experiment.     The  product  was  distilled  with 
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steam  until  free  from  brombenzene  and  diphenyl,  then  dis- 
solved in  acetone  and  treated  with  permanganate.  It  reduced 
12  grams  of  permanganate  and  the  aqueous  extract  of  the  ox- 
ides of  manganese  yielded'  6.5  grams  of  benzoic  acid,  showing 
that  about  10  per  cent  of  the  product  was  tertiary  alcohol. 
The  filtrate  from  the  oxides  of  manganese,  when  distilled  un- 
der diminished  pressure,  gave  37.5  grams  of  ketone  boiling  at 
210°  (18  mm.).     The  distillate  solidified  on  standing. 

Analysis : 

0.1228  gram  substance  gave  0.3855  gram  COj  and  0.0835 
gram  HjO. 

Calctdated  for 

CisHjoO.  Found. 

C  85.71  85.70 

H  7.94  7.77 

Diphenylmethylpentanone  is  readily  soluble  in  organic  sol- 
vents. It  separates  from  ether  and  from  ligroin  in  large, 
colorless  prisms,  melting  at  66°.  When  boiled  with  an  alka- 
line solution  of  hydroxylamine  it  gives  a  mixture  of  two  iso- 
meric oximes.  These  were  separated  by  fractional  crystalliza- 
tion from  aqueous  alcohol.  One  separated  in  needles  melt- 
ing at  151°,  the  other  in  large  plates  melting  at  99°. 

Analysis : 

I.  0.1225  gram  substance  (151°)  gave  0.3614  gram  CO2 
and  0.0854  gram  HgO. 

II.  0.1410  gram  substance  (99°)  gave  0.4178  gram  CO2  and 
0.0985  gram  HjO. 


Calctilated  for 

Found. 

CxsHwON. 

I. 

II. 

c 

80.90 

80.48 

80.81 

H 

7.86 

7-74 

7.76 

a-Brom-^,P-diphenylmethylpentanone, 
(C8H5)2CHCHBrCOCH(CH3)2.— Bromine  reacts  slowly  with 
a  boiling  solution  of  diphenylmethylpentanone  in  chloroform, 
but  the  result  is  an  oily  mixture  that  is  separated  with  diffi- 
culty. An  excellent  yield  of  the  bromine  substitution  product 
was  obtained  by  treating  the  magnesium  derivative  with  bro- 
mine. Fifty  grams  of  benzalmethyHsopropyl  ketone  were 
added  to  a  solution  of  phenylmagnesium  bromide  that  was 
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made  from  15  grams  of  magnesium.  The  mixture  was  boiled 
for  10  minutes,  then  cooled  in  a  freezing  mixture.  Bromine 
that  had  been  dried  over  phosphorus  pentoxide  was  added 
to  this  until  the  color  of  the  Hquid  showed  excess.  Most  of  the 
product  separated  in  crystalline  form  when  the  mixture  was 
poured  into  iced  acid.  The  solid  was  removed  and  the  filtrate 
distilled  with  steam.  The  residue  was  added  to  the  solid 
previously  obtained  and  the  whole  purified  from  absolute 
alcohol.     The  yield  was  80  grams  of  pure  product. 

Analysis : 

0.2256  gram  substance  gave  0.5387  gram  CO2  and  0.12 10 
gram  HjO. 

Calculated  for 
CisHigOBr.  Found. 

C  65.25  65.16 

H  5-74  551 

The  substance  crystaUizes  in  needles  melting  at  108°.  It 
is  readily  soluble  in  chloroform,  moderately  in  ether  and  boil- 
ing absolute  alcohol,  sparingly  in  cold  alcohol  and  ligroin. 
Like  other  a-brom  ketones  that  have  two  phenyl  groups  in 
the  /?-position,  it  is  easily  converted  into  an  unsaturated  ke- 
tone. 

Diphenylmethylpentenone,  (C8H5)2C  :  CHCOCH(CH3)2.— A 
solution  of  16  grams  of  potassium  hydroxide  in  8  grams  of 
boiling  water  was  added  to  80  grams  of  bromdiphenylmethyl- 
pentanone,  dissolved  in  boiling  absolute  alcohol  and  the  mix- 
ture boiled  for  two  hours.  The  alcohol  was  then  removed  and 
the  residue  poured  into  water.  The  product  separated  as  an 
oil.  A  preliminary  experiment  showed  that  this  contained 
a  substance  that  decomposed  when  distilled  under  diminished 
pressure — probably  an  a-oxyketone  formed  by  replacement 
of  bromine  with  hydroxyl.  Variable  quantities  of  such  oxy- 
ketones  are  usually  formed  when  a-bromketones  are 
treated  with  potassium  hydroxides,  but  as  they  are  readily 
oxidized  by  permanganate,  while  unsaturated  ketones  that 
have  two  phenyl  groups  in  combination  with  one  of  the  ethyl- 
ene carbon  atoms  are  oxidized  with  difficulty,  it  is  easy  to  re- 
move them.  The  oil  was,  therefore,  dissolved  in  acetone  and 
treated   with   permanganate  until   reduction   no   longer  took 


Calculated  for 

CisH.sO. 

c 

86.40 

H 

7.20 
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place  rapidly  at  the  ordinary  temperature.  The  residue 
left  after  removing  oxides  of  manganese  and  acetone  boiled 
without  decomposition  at  2io°-2ii°  (15  mm.).  The  yield 
was  48  grams. 

Analysis : 

0.1468  gram  substance  gave  0.4640  gram  CO2  and  0.0990 
gram  H2O. 

Calculated  for 

Found. 

86.20 

7.42 

Diphenylmethylpentenone  is  a  pale-yellow,  viscous  liquid 
that  does  not  solidify  at  — 20°.  It  does  not  decolorize  a  solu- 
tion of  bromine  in  chloroform  and  it  does  not  reduce  per- 
manganate more  rapidly  than  does  acetone. 

Benzalpinacoline. 

Reaction  with  Ethylmagnesium  Bromide:  Phenyldimethylhep- 
tanone,  C2H5CH(C6H5)CH2COC(CH3)3.— The  product  obtained 
from  30  grams  of  unsaturated  ketone  reduced  less  than  half  a 
gram  of  permanganate.  The  oxides  of  manganese  were  ex- 
tracted with  boiling  water,  the  solution  evaporated  to  small 
volume  and  acidified.  Carbon  dioxide  was  given  off,  but  no 
precipitate  formed  and  no  benzoic  acid  or  other  organic  com- 
pound was  obtained  by  extracting  the  acid  Hquid  with  ether. 
It  seems  clear,  therefore,  that  the  reduction  was  not  due  to 
any  product  formed  from  the  unsaturated  ketone  but  to  some 
impurity  introduced  either  with  the  ether  or  with  the  magne- 
sium derivative. 

The  solution  in  acetone,  when  distilled  under  diminished 
pressure,  gave  34  grams  of  ketone  boiling  at  145°  (15  mm.). 

Analysis : 

0.1460  gram  substance  gave  0.441 1  gram  CO2  and  0.134 1 
gram  H2O. 


Calculated  for 
C1SH22O. 

Found. 

c 

82.56 

82.41 

H 

10.09 

10.21 

The  ketone  solidified  after  some  time  and  could  be  recrys- 
tallized  by  cooling  in  a  freezing  mixture  a  solution  in  Hgroin 
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•(30°-40°)  that  was  saturated  at  the  ordinary  temperature. 
It  separated  in  needles  melting  at  34°. 

With  an  alkaline  solution  of  hydroxylamine,  phenyldimethyl- 
heptanone  gives  a  mixture  of  oximes  that  is  separated  with 
difficulty.  The  most  satisfactory  results  were  obtained  by 
fractional  crystallization  from  ligroin.  The  higher  melting 
oxime  separates  in  needles  melting  at  83°,  the  other  in  prisms 
melting  at  36°. 

Analysis : 

I.  0.167 1  gram  substance  (83°)  gave  0.4736  gram  COj  and 
0.1504  gram  HjO. 

II.  0.1504  gram  substance  (36°)  gave  0.4246  gram  CO2  and 
0.1364  gram  HjO. 


Calculated  for 

Found. 

CisHaaON. 

I. 

II. 

c 

77-25 

77.28 

76.98 

H 

9.87 

10.01 

10.08 

Reaction  with  Phenylmagnesium  Bromide:  Diphenyldimethyl- 
pentanone,  (C6H5)2CHCH2COC(CH3)3.— The  product  obtained 
from  30  grams  of  unsaturated  ketone  reduced  less  than  a 
gram  of  permanganate  and  it  was  found,  by  the  method  de- 
scribed under  the  reaction  with  ethylmagnesium  bromide, 
that  even  this  small  amount  of  reduction  was  not  due  to  any 
product  formed  from  the  unsaturated  ketone.  The  solution 
in  acetone  deposited  41  grams  of  solid.  After  crystalUzation 
from  aqueous  alcohol  this  melted  at  85°. 

Analysis : 

0.1378  gram  substance  gave  0.4342  gram  COj  and  0.1015 
gram  Ufi. 


Calculated  for 

Ci9H220. 

Found. 

c 

H 

85-72 
8.27 

85-91 
8.20 

The   ketone   crystalUzes  in   aggregates  of  fine   needles.     It 
is  readily  soluble  in  alcohol  and  ether,  sparingly  in  Hgroin. 

Diphenyldimethylpentenol  A  cetate, 
(C6H,)2CHCH:  C(C(CH3)3)OCOCH3.— Ten  grams  of  acetyl  chlor- 
ide were  added  very  slowly  to  the  magnesium  derivative  ob- 
tained by  dropping  10  grams  of  benzalpinacoHne  into  excess 
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of  phenylmagnesium  bromide.  The  liquid  was  boiled  for  an 
hour,  then  poured  into  ice-water  and  treated  in  the  usual  way. 
The  product  was  purified  by  crystallization  from  a  mixture  of 
chloroform  and  alcohol.  It  separated  in  brilliant  plates  melt- 
ing at  165°. 

Analysis : 

0.1302  gram  substance  gave  0.3910  gram  COj  and  0.0935 
gram  HjO. 


Calculated  for 

C2aH2402. 

Found. 

c 

81.81 

81.89 

H 

7.80 

7-99 

The  acetate  is  readily  soluble  in  chloroform,  moderately  in 
acetone,  sparingly  in  alcohol  and  ether.  Alcoholic  potassium 
hydroxide  rapidly  hydrolyzes  it  to  potassium  acetate  and  di- 
phenyldimethylpentanone. 

Diphenylmethyl  Ether  of  Diphenyldimethylpentenol, 
(CbH5)2CHCH:C(C(CH3)3)OCH(C6H5)2.— In  order  to  test  the 
reactivity  of  magnesium  derivatives  obtained  by  adding 
Grignard's  reagent  to  unsaturated  ketones  having  aliphatic 
groups  in  combination  with  carbonyl,  benzalpinacoUne  was 
allowed  to  react  with  phenylmagnesium  bromide  in  the  usual 
way,  and  the  resulting  magnesium  derivative  boiled  with  various 
alkyl  halides.  It  was  found  that  the  behavior  of  this  magne- 
sium derivative  is  exactly  like  that  previously  observed  with 
phenyl  ketones;  it  does  not  react  with  simple  halides  but  re- 
acts very  smoothly  with  diphenylbrommethane.  The  product 
was  purified  by  crystallization  from  chloroform,  which  de- 
posits it  in  plates  melting  at  224°.  It  is  moderately  soluble 
in  benzene  and  chloroform,  sparingly  in  other  solvents. 

Analysis : 

0.1925  gram  substance  gave  0.6310  gram  CO2  and  0.1280 
gram  HjO. 


Calculated  for 
C32H82O. 

Found. 

c 

89.09 

88.90 

H 

7-41 

7.42 

Bromdiphenyldimethylpentanone,  (C8H5)2CHCHBrCOC(CH3)3. 
— This  substance  was  made  by  treating  the  ketone,  dissolved 
in  chloroform,  with  bromine  and  also  by  adding  bromine  to 
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the  magnesium  derivative  of  diphenyldimethylpentenol.  The 
yield  is  equally  good  in  both  cases.  The  product  was  purified 
by  adding  hot  alcohol  to  its  solution  in  chloroform.  It  is 
readily  soluble  in  ethyl  acetate  and  chloroform,  moderately 
in  acetone,  ether  and  boiling  absolute  alcohol.  It  crystal- 
lizes in  plates  melting  at  145°. 

Analysis : 

0.201 1  gram  substance  gave  0.4881  gram  COj  and  0.1140 
gram  HjO. 

Calculated  for 
CwHjiOBr.  Found. 

C  66.09  66.19 

H  6.08  6.29 

Diphenyldimethylpentenone,  (C6H5)2C:  CHCOC(CH3)3.— It  is 
easy  to  eliminate  hydrobromic  acid  from  the  bromine  substitu- 
tion product  just  described.  A  strong  aqueous  solution  of 
potassium  hydroxide  was  added,  in  small  portions,  to  175 
grams  of  the  substance,  suspended  in  boiling  absolute  alco- 
hol, until  the  Uquid  remained  alkaline  after  boiUng  for  half  an 
hour.  The  alcohol  was  then  distilled  and  the  residue  poured 
into  water.  The  product  was  precipitated  as  an  oil,  but  this 
solidified  completely  in  the  course  of  a  day.  The  solid  was 
recrystallized  from  ligroin  until  it  melted  sharply  at  66°. 
The  yield  was  130  grams — almost  the  calculated  quantity. 

Analysis : 

0.1414  gram  substance  gave  0.4470  gram  CO2  and  0.0950 
gram  HjO. 

Calculated  for 

CisHjoO.  Found. 

C  86.36  86.21 

H  7.60  7.46 

Diphenyldimethylpentenone  crystallizes  from  ligroin  in 
large,  pale-yellow  plates.  It  is  readily  soluble  in  all  organic 
solvents,  except  ligroin.  It  does  not  combine  with  bromine 
at  the  ordinary  temperature  and  it  is  oxidized  very  slowly 
by  potassium  permanganate  dissolved  in  acetone. 

Methoxyhenzalacetone. 

The  object  of  the  experiments  with  methoxyhenzalacetone 
was  to  determine  the  effect  of  changing  the  chemical  charac- 
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ter  of  an  aromatic  residue  in  combination  with  one  of  the  un- 
saturated carbon  atoms.  The  m.ethoxyl  group  has  a  greater 
influence  than  any  other  substituent  that  does  not  interfere 
with  the  use  of  Grignard's  reagent,  and  the  measurements  of 
Petrenko-Kritschenko,^  as  well  as  the  experiments  of  Wieland,^ 
show  that  this  extends  to  the  unsaturated  side  chain.  As  the 
following  results  show,  however,  the  relative  amounts  of  1,4- 
and  1, 2 -addition  obtained  with  />-methoxybenzalacetone  are 
almost  exactly  the  same  as  those  obtained  with  benzalace- 
tone. 

Reaction  with  Eihylmagnesium  Bromide:  p-Methoxyphenyl- 
hexanone,  C2H5CH(C6H,OCH3)CH2COCH3.— The  reaction  was 
carried  out  exactly  like  that  with  benzalacetone  and  the  ketone 
separated  in  the  same  way.  It  is  a  mobile  liquid  boiHng  at 
170°  (18  mm.).  Sixty  grams  of  unsaturated  compound  gave 
43  grams  of  ketone. 

Analysis : 

0.155 1  gram  substance  gave  0.4300  gram  CO2  and  0.1209 
gram  HjO. 


Calculated  for 
CisHigOz. 

Found. 

c 

75-72 

7561 

H 

8.73 

8.66 

The  oxime  is  a  viscous  liquid  boiling  at  195°  (18  mm.). 
Analysis : 

0.1611  gram  substance  gave  0.4176  gram  CO2  and  0.1285 
gram  H2O. 

Calculated  for 
Ci3Hi!,02N.  Found. 

C  70.58  70.69 

H  8.60  8.87 

Dibenzalacetone. 

Reaction  with  Ethylmagnesium  Bromide:  Benzalphenylhexa- 
none,  CgHsCH:  CHCOCH2CH(C6H5)C2H5.— The  finely  pow- 
dered solid  ketone  was  added  in  small  quantities  to  excess  of 
the  reagent.  A  part  of  the  solid  product  crystallized  from 
the  ethereal  solution  when  the  magnesium  derivative  was 
poured    on   ice    and    acidified.     This    was    removed    and    the 

»  Ann.  Chem.  (Liebig),  311,  167. 
2/6id.,  329,5225. 
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ethereal  solution  dried  and  evaporated.  It  left  an  oil  that 
was  fractioned  under  diminished  pressure,  yielding  more  of 
the  solid  and  a  relatively  small  quantity  of  a  colored  oil  that 
distilled  at  224°-228°.  The  solid  was  purified  from  low- 
boiling  ligroin,  from  which  it  separated  in  long  needles  melt- 
ing at  87°. 

Analysis : 

0.1282  gram  substance  gave  0.4055  gram  COg  and  0.0897 
gram  HjO. 

Calculated  for 

C19H20O.  Found. 

C  86.36  86.29 

H  7.57  7-71 

Benzalphenylhexanone  is  quite  colorless,  although  unsatura- 
ted. It  readily  combines  with  bromine  and  it  reduces  a  solution 
of  potassium  permanganate  in  acetone  at  the  ordinary  tem- 
perature, the  oxidation  products  being  benzoic  and  /?-phenyl- 
valeric  acids.  The  yield  is  51  grams  from  50  grams  of  unsatu- 
rated ketone — 90  per  cent  of  the  possible  amount. 

The  nature  of  the  colored  oil  forming  the  balance  of  the  prod- 
uct was  not  definitely  established.  Although  repeatedly 
distilled  under  diminished  pressure,  it  was  never  obtained 
in  perfectly  pure  condition.  The  analyses  gave  results  that 
were  too  low  for  a  hydrocarbon  and  too  high  for  any  oxygen 
compound  that  might  be  expected.  The  principal  products 
of  oxidation  were  benzoic  acid  and  a  smaller  quantity  of 
phenylvaleric  acid.  The  oil  is,  therefore,  probably  a  mixture 
of  ketone  and  hydrocarbon. 

Benzalphenylhexanonoxime , 
CeH5CH:CHC(NOH)CH2CH(CeH5)C2H5,  was  obtained  by  boil- 
ing an  alcoholic  solution  of  the  ketone  with  hydroxylamine 
hydrochloride.  It  was  purified  by  recrystalUzation  from 
aqueous  alcohol,  from  which  it  separates  in  needles  melting 
at  117°. 

Analysis : 

0.1404  gram  substance  gave  0.42 11  gram  COj  and  0.0979 
gram  HjO. 

Calculated  for 
C19H21ON.  Found. 

C  81.72  81.80 

H  7.56  '  7.77 
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Reaction  with  Phenylmagnesium  Bromide:  Benzaldiphenyl- 
hutanone,  CoHgCH:  CHCOCH2CH(C6H6)2.— Sixty  grams  of  un- 
saturated ketone  were  used  in  the  experiment.  A  part  of  the 
product  separated  in  crystalUne  form  when  the  magnesium 
derivatives  were  poured  into  iced  acid.  More  of  this  solid  was 
obtained  by  distilHng  the  filtrate  with  steam  until  free  from 
brombenzene  and  diphenyl,  and  dissolving  the  residue  in  ligroin. 
The  solid  was  purified  by  recrystallization  from  absolute  alco- 
hol. 

Analysis : 

0.2950  gram  substance  gave  0.9581  gram  CO2  and  0.1727 
gram  HgO. 

Calculated  for 

C23H20O.  Found. 

C  88.61  88.57 

H  6.41  6.50 

Benzaldiphenylbutanone  crystallizes  in  very  pale  yellow 
needles  melting  at  136°.  It  is  readily  soluble  in  chloroform 
and  acetone,  moderately  in  boiling  absolute  alcohol  and  ether, 
sparingly  in  cold  alcohol  and  ligroin.  It  dissolves  slowly  in 
cold  concentrated  sulphuric  acid  and  is  precipitated  unchanged 
when  water  is  added  to  the  blood- red  solution.  The  yield 
was  57  grams,  but  this  is  probably  less  than  the  amount  formed, 
as  some  ketone  doubtless  remained  in  solution  in  the  residual 
oil  from  which  no  pure  substances  were  obtained. 

Benzaldiphenylhutanonoxime , 
C6H5CH:CHC(CH2CH(CeH5)2):NOH,    was   obtained    by   boil- 
ing an  alcoholic  solution  of  the  ketone  with  hydroxylamine 
hydrochloride    and    solid    sodium    carbonate.     It    crystallizes 
from  alcohol  in  needles  melting  at  144°. 

Analysis : 

0.1120  gram  substance  gave  0.3460  gram  COj  and  0.0654 
gram  HjO. 


Calculated  for 
CasHjiON. 

Found. 

c 

H 

84.40 
6.42 

84.24 
6.52 

Dibromtriphenylpentanone, 

C6H5CHBrCHBrCOCH2CH(C,H5)2. Benzaldiphenylbutanone 

readily    combines    with     one    molecule    of    bromine.     Five 
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grams  of  the  ketone  were  dissolved  in  chloroform  and  treated 
with  bromine  in  slight  excess.  The  solution  was  heated  to 
boiling  and  poured  into  three  times  its  volume  of  hot  alcohol.  The 
dibromide  separated  in  colorless  needles  melting  at  166°.  It 
is  readily  soluble  in  chloroform,  sparingly  in  acetone,  alco- 
hol and  ether. 

Analysis : 

0.1606  gram  substance  gave  0.3432  gram  COj  and  0.0570 
gram  H^. 

Calculated  for 
C23H2oOBr2.  Found. 

C  58.47  58.08 

H  4.29  4.42 

Benzalphenylhexanone. 

Reaction  with  Ethylmagnesium  Bromide:  Diphenylnonanone, 
C2H5CH(C6H5)CH2COCH2CH(CeH5)C2H5.— The  ketone  is  the 
only  product  of  the  reaction.  It  separated  in  solid  form  when 
the  magnesium  derivative  was  poured  into  iced  acid.  The 
filtrate  from  the  solid,  freed  from  ether  and  dissolved  in  ace- 
tone, reduced  a  small  quantity  of  permanganate  but  no  ben- 
zoic acid  could  be  detected  in  the  products  of  oxidation.  The 
ketone  was  purified  from  ether-ligroin.  It  is  readily  soluble 
in  organic  solvents,  crystallizes  in  needles  and  melts  at  56°. 

Analysis : 

0.1291  gram  substance  gave  0.4045  gram  COg  and  0.1045 
gram  HgO. 


Calculated  for 
C21H26O. 

Found. 

c 

H 

85-71 
8.84 

85-45 
8.99 

Reaction  with  Phenylmagnesium  Bromide:  Triphenylhepta- 
none,  (C6H5)2CHCH2COCH2CH(C6H5)C2H5.— Twenty  grams  of 
ketone  were  used  in  the  experiment.  The  principal  product 
separated  in  solid  form  when  the  magnesium  derivatives  were 
poured  into  iced  acid.  The  filtrate  from  the  solid  was  dried, 
freed  from  ether,  dissolved  in  acetone  and  treated  with  potas- 
sium permanganate.  Four  grams  of  the  oxidizing  agent  were 
reduced  and  0.6  gram  of  benzoic  acid  was  extracted  from 
the    oxides    of    manganese.     The    experiment    was    repeated 


546  Kohler. 

with  three  times  the  calculated  quantity  of  reagent  and  the  mix- 
ture was  boiled  for  an  hour  before  it  was  poured  on  ice,  but 
the  product  again  reduced  permanganate  and  gave  0.55  gram 
of  benzoic  acid,  indicating  the  presence  of  tertiary  alcohol  or 
unsaturated  hydrocarbon  as  a  result  of  1,2-addition. 

The  solid  was  purified  from  absolute  alcohol.  It  is  readily 
soluble  in  organic  solvents  and  crystallizes  in  needles  melting 
at  72°.     The  yield  was  23  grams. 

Analysis : 

0.1404  gram  substance  gave  0.4520  gram  COj  and  0.0986 
gram  HjO. 


Calculated  for 
C25H26O. 

Found. 

c 

H 

87.75 
7.63 

87.79 

7-79 

Bromtriphenylheptanone , 

(C6H5)2CHCHBrCOCH2CH(C6H5)C2H5.  Benzalphenylhepta- 

none  was  added  to  phenylmagnesium  bromide  as  before,  the 
resulting  magnesium  derivative  cooled  in  a  freezing  mixture 
and  treated  with  sHght  excess  of  dry  bromine.  The  product 
was  purified  by  crystallization  from  a  mixture  of  chloroform 
and  alcohol.     It  crystallizes  in  needles  melting  at  153°. 

Analysis : 

0.1711   gram  substance  gave  0.4453  gram  COj  and  0.0926 
gram  HgO. 


Calculated  for 
C28H25O. 

Found. 

c 

H 

71-25 
5-95 

70.91 
6.00 

The  bromketone  is  readily  soluble  in  ether  and  chloroform, 
moderately  in  boiling  absolute  alcohol.  The  bromine  is  easily 
eUminated  by  boiling  with  alcohoUc  potassium,  but  I  have  not 
succeeded  in  getting  an  unsaturated  ketone  or  any  other  defi- 
nite product  of  the  reaction. 

Benzaldiphenylbutanone. 

Reaction  with  Ethylmagnesium  Bromide. — It  was  to  be  ex- 
pected that  the  principal  product  of  this  reaction  would  be 
the  same  as  that  obtained  by  adding  phenylmagnesium  bro- 
mide to  benzalphenylhexanone. 
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I.  (C,H5)2CHCH2COCH:CHC,H5  +  C^H^UgBr  +  Ufi   = 

(C«H5)2CHCH2COCH2CH(CeH5)C2H5 ; 

II.  C,HbCH:CHCOCH2CH(C6H5)C2H5  +  C^H^MgEr  +  H^O    = 
(C«H5)2CHCH2COCH,CH(C„H5)C2H5. 

It  was  shown  above  that  about  7  per  cent  of  the  product 
obtained  from  benzalphenylhexanone  consists  of  an  unsatura- 
ted compound  formed  by  1,2-addition.  It  was  of  interest, 
therefore,  to  determine  whether  a  similar  result  would  be  ob- 
tained with  benzaldiphenylbutanone.  The  experiment  was 
performed  with  20  grams  of  ketone  and  the  entire  product 
treated  with  permanganate  dissolved  in  acetone.  It  reduced 
less  than  0.5  gram  of  oxidizing  agent,  and  not  a  trace  of  ben- 
zoic acid  was  found  in  the  oxidation  products.  There  was, 
therefore,  no  1,2-addition,  the  sole  product  being  triphenyl- 
heptanone.     The  yield  of  pure  ketone  was  24.6  grams. 

Reaction  with  Phenylmagnesium  Bromide. — The  experiment 
was  performed  with  40  grams  of  unsaturated  ketone.  Most 
of  the  product  separated  in  crystalline  form  when  the  mag- 
nesium derivative  was  poured  on  ice.  The  filtrate  from  the 
solid  was  freed  from  ether,  dissolved  in  acetone  and  treated 
with  permanganate.  It  reduced  3.8  grams  of  the  oxidizing 
agent.  The  salts  extracted  from  the  oxides  of  manganese 
were  acidified  and  yielded  1.2  grams  of  a  mixture  of  benzoic 
and  diphenylpropionic  acids.  This  shows  that  0.35  per  cent 
of  the  product  consists  of  unsaturated  compounds  due  to  1,2- 
addition. 

The  filtrate  from  the  oxides  of  manganese  was  evaporated 
and  the  residue  distilled  with  steam.  This  left  a  small  quan- 
tity of  solid,  which  was  combined  with  that  which  had  separa- 
ted from  ether  and  the  whole  purified  from  absolute  alcohol. 
The  pure  substance  melted  at  128°.  It  was  identified  with 
the  tetraphenylpentanone  previously  obtained  while  deter- 
mining the  structure  of  complex  products.  The  yield  was 
23.2  grams. 

Bromtetraphenylpentanone, 
(CjHJzCHCHBrCOCHjCHCCjHJa.— Bromine  reacts  with  tetra- 
phenylpentanone dissolved  in  chloroform,  but  the  result  is  an 
oily    mixture    of    products.     The    bromketone    is,    however, 
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easily  made  from  the  magnesium  derivative  of  tetraphenyl- 
pentanol.  Dry  bromine  was  added  in  slight  excess  to  the 
liquid  obtained  by  adding  30  grams  of  benzaldiphenylbutanone 
to  phenylmagnesium  bromide.  A  considerable  quantity  of 
the  product  separated  during  the  addition,  the  remainder 
when  the  magnesium  derivatives  were  poured  into  ice-water. 
The  solid  was  purified  by  crystallization  from  a  mixture  of 
chloroform  and  alcohol. 

Analysis : 

0.1480  gram  substance  gave  0.4038  gram  CO2  and  0.0746 
gram  HjO. 

Calculated  for 
C29H250Br.  Found. 

C  74.20  74.41 

H  5-35  560 

The  substance  crystallizes  in  needles  melting  at  160°.  It 
is  readily  soluble  in  chloroform,  moderately  in  ethyl  acetate 
and  acetone,  sparingly  in  alcohol  and  ether.  When  boiled 
with  alcoholic  potassium  hydroxide  it  readily  loses  bromine 
but  the  product  is  not  an  unsaturated  ketone. 

Chloralacetophenone. 

Phenyltrichlorhutyrophenone,      CClgCHCCeHJCHjCOCsHs. 

Chloralacetophenone  reacts  with  phenylmagnesium  bromide  at 
the  ordinary  temperature.  The  principal  product  is  a  satura- 
ted ketone  melting  at  137°.  Whether  any  unsaturated  alco- 
hol is  formed  could  not  be  determined,  because  the  ketone 
slowly  reduces  permanganate  and  gives  benzoic  acid  as  one  of 
the  products.  The  yield  of  pure  ketone  was  93  per  cent  of 
the  calculated  quantity. 

Analysis : 

0.201 1  gram  substance  gave  0.4070  gram  CO2  and  0.0757 
gram  H2O. 

Calculated  for 
CieHiaOCls-  Found. 

C  55-54  5515 

H  4.00'  4.13 

Benzalacetophenone. 

Reaction  with  Ethylmagnesium  Bromide:  ^-Phenylvalero- 
phenone,  C2H5CH(C8H5)CH2COC8H5.— Thirty  grams  of  unsat- 
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urated  ketone  were  used  in  the  experiment.  The  product  re- 
duced 3  grams  of  potassium  permanganate,  but  only  0.2  gram 
of  benzoic  acid  was  obtained  when  the  oxides  of  manganese 
were  extracted  with  boiling  water  and  the  solution  acidified. 
This  shows  that  very  little  of  the  reduction  was  due  to  unsatura- 
ted products.  The  filtrate  from  the  oxides  of  manganese  was 
evaporated  and  the  residue  distilled  under  diminished  pres- 
sure. The  entire  amount  distilled  within  2°,  showing  the  ab- 
sence of  complex  products.  The  solid  distillate  was  crys- 
tallized from  absolute  alcohol.     The  yield  was  33  grams. 

Analysis : 

0.1428  gram  substance  gave  0.4493  gram  CO2  and  0.0990 
gram  H^. 


Calculated  for 

CnHisO. 

Fotmd. 

c 

85.71 

85.80 

H 

7.56 

7.77 

The  ketone  is  readily  soluble  in  organic  solvents.  It  crys- 
tallizes in  thin  needles  melting  at  63°. 

Phenylvalerophenonoxime, 
C2H5CH(CeH5)CH2C(CeH5) :  NOH,  was  obtained  by  boiling  the 
ketone  with  an  alkaline  solution  of  hydroxylamine  and  puri- 
fying the   product   from   Hgroin.     It   is   deposited   in   needles 
melting  at  87°. 

Analysis : 

0.1525  gram  substance  gave  0.4518  gram  COj  and  0.1059 
gram  HjO. 

Calculated  for 
C17H19ON.  Found. 

C  80.61  80.79 

H  7.51  7.71 

Reaction  with  Phenylmagnesium  Bromide. — In  an  earlier 
paper*  it  was  shown  that  the  principal  product  of  this  reac- 
tion is  diphenylpropiophenone.  I  repeated  the  experiment 
in  order  to  determine  whether  any  1,2-addition  product  is 
formed  as  a  result  of  1,2-addition  to  carbonyl.  For  this  pur- 
pose the  product  from  50  grams  of  unsaturated  ketone  was 
dissolved  in  acetone  and  treated  with  potassium  permanganate. 
It  reduced  7  grams  of  the  oxidizing  agent  and  gave  1.2  grams 

'  This  Journal,  33,  642. 
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of  benzoic  acid.  This  represents  approximately  4  per  cent 
of  the  unsaturated  ketone.  The  filtrate  from  the  oxides  of 
manganese  was  distilled  with  steam  and  the  residue  crystal- 
lized from  alcohol.  It  yielded  58.5  grams  of  ketone,  repre- 
senting 94  per  cent  of  benzalacetophenone. 

A  nisalacetophenone. 

Reaction  with  Ethylmagnesium  Bromide:  p-Meihoxyphenyl- 
valerophenone,  C2H5CH(C«H40CH3)CH2COCeH5.— The  product 
obtained  from  4.5  grams  of  ketone  reduced  2.2  grams  of  per- 
manganate and  gave  0.35  gram  anisic  acid.  The  filtrate  from  the 
oxides  of  manganese  was  evaporated  and  the  residue  recrys- 
tallized  from  methyl  alcohol.  It  separated  in  thick,  lustrous 
needles,  melting  at  58°.     The  yield  was  47.5  grams. 

Analysis : 

0.1633  gram  substance  gave  0.4910  gram  COj  and  0.1116 
gram  HgO. 


Calculated  for 

C18H20O2. 

Found. 

c 

80.59 

80.19 

H 

7.48 

7.59 

The  oxime  was  prepared  in  the  usual  way  and  purified  by 
recrystallization  from  ligroin.  It  is  readily  soluble  in  alcohol 
and  ether,  sparingly  in  ligroin  (3o°-5o°).  It  separates  in 
prisms  melting  at  92  °. 

Analysis : 

0-1555  gram  substance  gave  0.4333  gram  COg  and  0.1037 
gram  HgO. 


Calculated  for 
CieHziOzN. 

Pound. 

c 

76.32 

75-99 

H 

7.42 

7-41 

Reaction  with  Phenylmagnesium  Bromide:  Anisylphenyl- 
propiophenone,  CH30C„H4CH(C8H5)CH2COCeH5.— The  product 
from  50  grams  of  unsaturated  ketone  reduced  4.8  grams  of 
permanganate,  and  i.i  grams  of  anisic  acid  were  obtained  by 
extracting  the  oxides  of  manganese  with  boiling  water.  This 
represents  1.7  per  cent  of  the  unsaturated  ketone.  The  fil- 
trate from  the  oxides  of  manganese  was  distilled  with  steam 
and  the  residue  crystallized  from  alcohol. 
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Analysis : 

0.1322    gram 

substance 

gave   0.4041  gram  CO2  and  0.0770 

gram  HjO. 

Calculated  for 
C22H20O2.                                            Found. 

C 
H 

83-54                                              83.34 
6.33                                                 6.47 

Anisylphenylpropiophenone  crystallizes  in  stout  needles 
melting  at  93°.  It  is  readily  soluble  in  ether  and  acetone, 
moderately  in  alcohol,  sparingly  in  ligroin.  The  yield  was 
63.5  grams. 

Benzalmethylanisyl  Ketone. 

Reaction  with  Ethylmagnesium  Bromide:  ^-Phenylhutylanisyl 
Ketone,  C2H5CH(C6H5)CH2COCbH40CH3.— The  product  from 
30  grams  reduced  2.2  grams  of  permanganate  but  gave  only 
a  trace  of  benzoic  acid,  showing  that  most,  if  not  all,  of  the 
reduction  was  due  to  impurities  introduced  with  the  reagents. 
The  ketone  was  purified  from  a  mixture  of  ether  and  Hgroin. 
It  is  readily  soluble  in  all  organic  solvents  except  ligroin  and 
always  crystallizes  in  long,  thin  needles  melting  at  85°.  The 
yield  was  32  grams. 

Analysis : 

0.1601  gram  substance  gave  0.4726  gram  CO2  and  0.1095 
gram  H2O. 


Calculated  for 

CisHzoOz. 

Found. 

c 

80.60 

80.51 

H 

7.48 

7-59 

The  oxime  was  made  in  the  usual  way  and  purified  from 
methyl  alcohol.  It  crystallizes  in  large  prisms  and  melts  at 
72°. 

Analysis : 

0.1442  gram  substance  gave  0.4022  gram  COg  and  0.0981 
gram  HjO. 


Calculated  for 

C.8H2,02N. 

Found. 

c 

76.32 

76.08 

H 

7-42 

7-62 

Reaction    with    Phenylmagnesium    Bromide:    Diphenylethyl- 
unisyl  Ketone,  (C«H6)2CHCH2COC,H40CH3.— As  benzalmethyl- 
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anisyl  ketone  is  sparingly  soluble  in  ether  it  was  added  to 
phenylmagnesium  bromide  in  the  form  of  a  very  fine  powder. 
Most  of  the  product  separated  in  crystals  when  the  resulting- 
magnesium  derivatives  were  poured  into  iced  acid.  The 
solid  was  removed,  the  filtrate  dried  and  evaporated,  and  the 
residue  as  well  as  the  crystals  dissolved  in  acetone.  This 
solution  reduced  1.8  grams  of  permanganate,  but  only  a  trace 
of  benzoic  acid  was  obtained  from  the  oxidation  products. 
The  filtrate  from  the  oxides  of  manganese  was  distilled  with 
steam  and  the  residue  purified  by  crystallization  from  abso- 
lute alcohol.  The  yield  was  32  grams  of  pure  ketone  from 
25  grams  of  unsaturated  compound. 

Analysis : 

0.1504  gram  substance  gave  0.4840  gram  CO2  and  0.0898 
gram  H^. 

Calculated  for 

C22H20O2.  Found. 

C  83.55  83.28 

H  6.33  6.29 

Diphenylethylanisyl  ketone  melts  at  118°.  It  is  less  solu- 
ble than  the  isomeric  anisylphenylpropiophenone  and  crystal- 
lizes much  better  from  all  solvents. 

Bromdiphenylethylanisyl  Ketone. — The  ketone  reacts  readily 
with  bromine  dissolved  in  chloroform.  The  bromine  substi- 
tution product  was  purified  by  solution  in  chloroform  and 
precipitation  with  absolute  alcohol.  It  is  readily  soluble  in 
chloroform  and  ethyl  acetate,  sparingly  in  acetone  and  alco- 
hol.    The  melting  point  is  144°. 

Analysis : 

0.1437  gram  substance  gave  0.3531  gram  COj  and  0.0637 
gram  HjO. 


Calculated  for 
C22Hi902Br. 

Found. 

c 

H 

66.83 
4.81 

67.01 

4-93 

/?-  Phenylhenzalmethylanisyl  Ketone, 
(CeH5)2C :  CHCOCeH^OCHg.— Bromdiphenylethylanisyl     ketone 
was  suspended  in  boiling  absolute  alcohol  and  treated  with 
concentrated  aqueous  potassium  hydroxide  until  the  solution 
remained    alkaline   after   boiling   for   an    hour.     The   alcohol 
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was  then  removed  and  the  residue  poured  into  ice-water.  The 
unsaturated  ketone  separated  as  a  pale  yellow  oil,  but  grad- 
ually solidified.     The  solid  was  purified  from  ligroin. 

Analysis : 

0.1368  gram  substance  gave  0.4205  gram  CO2  and  0.0725 
gram  HgO. 


Calculated  for 

CmHjsOz. 

Found. 

c 

84.07 

83.83 

H 

5-73 

5.88 

Benzalphenylmethylanisyl  ketone  crystallizes  from  alcohol 
in  large,  pale  yellow  prisms  that  gradually  lose  their  brilliant 
lustre.  From  ligroin  it  separates  in  deep  yellow  tables  that 
are  permanent.  It  is  readily  soluble  in  alcohol,  "moderately 
in  ether,  sparingly  in  ligroin.  Its  melting-point  is  103°. 
The  yield  was  excellent — 37  grams  from  50  grams  of  the  brom- 
ketone. 

a-Brom-^-phenylhenzalmethylanisyl  Ketone, 
(C8H5)2C:CBrCOC6H40CH3,  was  obtained  without  difficulty 
by  adding  bromine  to  a  hot  solution  of  the  unsaturated  ketone 
in  chloroform.  It  is  sparingly  soluble  in  alcohol  and  ether, 
readily  in  chloroform.  It  crystallizes  in  small  needles,  melt- 
ing at  157°. 

Analysis : 

0.1437  gram  substance  gave  0.3520  gram  CO2  and  0.0561 
gram  HjO. 

Calculated  for 

CjzHnOzBr.  Found. 

C  67.18  66.84 

H  4.32  4.41 

In  acetone  solution  the  substance  slowly  reduces  perman- 
ganate. The  only  organic  products  obtained  were  anisic 
acid,  which  was  extracted  from  the  oxides  of  manganese,  and 
benzophenone,  which  was  found  in  the  acetone.  These  prod- 
ucts prove  that  the  bromine  is  in  the  side  chain  as  represented. 

Benzalacetomesitylene, 

Preparation.  —  Benzalacetomesitylene  was  made  by  the 
Friedel  and  Crafts  reaction.  One  hundred  grams  of  finely 
powdered  aluminium  chloride  were  added,  in  small  quantities, 
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to  a  [solution  of  96  grams  of  mesitylene  and  160  grams  of  cin- 
namyl  chloride  in  500  grams  of  carbon  bisulphide.  The  mix- 
ture was  cooled  with  running  water  until  all  of  the  aluminium 
chloride  had  been  added,  then  exposed  to  direct  sunlight 
for  three  hours.  The  orange-colored  liquid  was  poured  on 
ice  and  freed  from  carbon  bisulphide  by  distillation  with 
steam.  This  left  a  pasty,  yellow  residue,  which  was  dissolved 
in  ether  and  washed  thoroughly,  first  with  hydrochloric  acid, 
then  with  sodium  hydroxide  until  the  washings  were  free 
from  cinnamic  acid.  The  ethereal  solution  was  dried  over 
sodium  sulphate,  the  ether  removed  and  the  ketone  distilled 
under  diminished  pressure.  Almost  the  entire  amount  dis- 
tilled between  23o°-235°  (15  mm.).  The  distillate — a  pale 
yellow,  viscous  liquid — solidified  in  a  few  days.  The  solid 
was  recrystallized  from  ligroin. 

Analysis : 

0.1530  gram  substance  gave  0.4830  gram  CO2  and  o.ioio 
gram  HgO. 

Calculated  for 

CigHieO.  Found. 

C  86.4  86.1 

H  7-2  7.33 

Benzalacetomesitylene  crystallizes  in  large,  yellow  plates 
that  melt  at  63°.  It  is  readily  soluble  in  organic  solvents 
and  in  concentrated  sulphuric  acid.  In  a  later  paper  I  ex- 
pect to  present  a  detailed  study  of  this  interesting  unsatura- 
ted ketone.  For  the  purpose  of  this  paper  it  is  sufficient  to 
indicate  the  relative  activity  of  the  carbonyl  groups  and  the 
ethylene  linkage. 

The  carbonyl  group  in  benzalacetomesitylene  is  compara- 
tively inactive  because  neither  oxime  nor  phenylhydrazone 
is  obtained  under  conditions  that  usually  give  these  deriva- 
tives. This  was  established  by  boiling  the  ketone  with  an 
alkaUne  solution  of  hydroxylamine  for  three  hours  and  with 
an  alcoholic  solution  of  phenylhydrazine  for  six  hours.  The 
ethylene  linkage,  on  the  other  hand,  is  not  affected  by  the 
methyl  groups  in  the  diortho  positions.  This  is  shown  by  the 
ease  with  which  the  ketone  is  oxidized  to  benzoic  and  mesitylenic 
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acids  and  also  by  the  rapidity  with  which  it  combines  with 
bromine. 

Dihromphenylpropionylmesitylene, 
C6H5CHBrCHBrCOCeH2(CH3)3.— The  unsaturated  ketone  in- 
stantaneously decolorized  a  solution  of  bromine  in  carbon  bi- 
sulphide. The  dibromide  separated  in  colorless  needles, 
easily  purified  by  recrystallization  from  chloroform.  It  melts, 
with  decomposition,  at  122°. 

Analysis : 

0.0846  gram  substance  gave  0.16 17  gram  CO2  and  0.0310 
gram  HjO. 

Calculated  for 

CigHisOBrz.  Found. 

C  52.63  52.50 

H  4.39  4.10 

Reaction  with  Phenylmagnesium  Bromide:  Diphenylpropionyl- 
mesitylene,  (CeH5)2CHCH2COC6H2(CH3)3.— The  substances  re- 
act very  readily,  the  intermediate  compound  disappearing  al- 
most as  fast  as  it  is  formed.  The  product  reduced  a  little 
over  I  gram  of  permanganate,  but  as  no  benzoic  acid  was 
found  in  the  oxidation  products  the  reduction  must  have 
been  due  to  impurities  in  the  materials  that  were  used.  The 
ketone  was  recrystallized  from  absolute  alcohol.  The  yield 
was  62  grams  of  pure  ketone  from  50  grams  of  unsaturated 
compound. 

Analysis : 

0.1044  gram  substance  gave  0.3365  gram  CO2  and  0.0700 
gram  H2O. 

calculated  for 
C24H24O.  Found. 

C  87.80  87.91 

H  7-32  7-45 

Diphenylpropionylmesitylene  is  readily  soluble  in  acetone 
and  boiling  absolute  alcohol,  moderately  in  ether,  sparingly 
in  ligroin.  Like  other  mesitylene  ketones,  it  forms  no  oxime 
when  boiled  with  an  alkaline  solution  of  hydroxylamine. 

Bromdiphenylpropionylmesitylene, 
(C6H5)2CHCHBrCOC6H2(CH3)3,    was   obtained   by  adding   the 
calculated  quantity  of  bromine  to  a  solution  of  the  ketone  in 
chloroform  and  warming  the  liquid  until  it  became  colorless. 
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The  substance  was  purified  by  crystallization  from  a  mixture 
of  chloroform  and  alcohol.  It  is  readily  soluble  in  chloro- 
form, moderately  in  ether,  sparingly  in  absolute  alcohol.  It 
crystallizes  in  needles  melting  at  172°. 

Analysis : 

0.1406  gram  substance  gave  0.3614  gram  COj  and  0.0731 
gram  Ufi. 


Calculated  for 
C24H230Br. 

Found. 

c 

H 

70.76 
5.65 

70.40 
5.80 

Phenylhenzalacetomesitylene,  {C^^jZ}^:Q,llQ.OC^2i^^3)z- — 
A  strong  solution  of  4  grams  of  potassium  hydroxide  was 
added  to  24  grams  of  bromdiphenylpropionylmesitylene  sus- 
pended in  absolute  alcohol,  and  the  mixture  boiled  for  an 
hour.  Most  of  the  alcohol  was  then  distilled  and  the  residue 
poured  into  ice-water.  The  precipitated  lemon-yellow  oil 
soon  solidified.  The  solid  was  purified  by  crystallization — 
first  from  alcohol,  then  from  ligroin. 

Analysis : 

0.132 1  gram  substance  gave  0.4272  gram  COg  and  0.0832 
gram  B.f>. 


Calculated  for 
C24H22O. 

Found. 

c 

88.34 

88.19 

H 

6.74 

7.00 

The  ketone  crystalUzes  in  dark  yellow  plates  melting  at 
104°.  It  is  readily  soluble  in  organic  solvents  except  low- 
boiling  ligroin.  Water  precipitates  unchanged  ketone  from 
its  blood-red  solution  in  concentrated  sulphuric  acid.  No 
oxime  was  obtained  when  the  ketone  was  boiled  with  an  alka- 
line solution  of  hydroxylamine. 

Brombenzalacetophenone,    Benzalpropiophenone   and   Benzaldes- 
oxybenzoin. 

It  was  necessary  to  repeat  previous  experiments  with  these 
ketones,  because  no  adequate  measures  had  been  taken,  at 
the  time,  to  detect  small  quantities  of  unsaturated  compounds 
that  might  be  formed  by  1,2-addition. 

The  product  obtained  from  each  of  these  ketones    reduced 
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a  small  quantity  of  permanganate,  but  the  reduction  was  al- 
ways due  to  impurities  introduced  with  the  material,  because 
no  benzoic  acid  could  be  detected  in  the  oxidation  products. 
The  substituents  in  the  a-position,  therefore,  interfere  with 
addition  to  carbonyl. 

Dypnone. 

Reaction  with  Ethylmagnesium  Bromide:  Methylphenylvalero- 
phenone,  C2H5C(CH3)(C6H5)CH2COCeH5.— The  reagents  were 
brought  together  in  the  usual  way,  but  to  make  sure  of  com- 
plete reaction  the  mixture  was  boiled  for  an  hour  before  it 
was  decomposed  with  iced  acid.  The  product  was  dissolved 
in  acetone  and  treated  with  permanganate.  Benzoic  and 
acetic  acids  were  obtained  by  extracting  the  oxides  of  man- 
ganese with  boiling  water  and  acidifying  the  solution.  The 
filtrate  from  the  oxides  of  manganese,  on  evaporation,  left 
an  oil  that  was  distilled  under  diminished  pressure  and  thus 
separated  into  acetophenone,  boiling  at  120°  (18  mm.),  and 
methylphenylvalerophenone,  boiling  at  202°  (18  mm.).  The 
yield  of  the  latter  was  10  grams  from  20  grams  of  unsaturated 
compound. 

Analysis : 

0.13 1 3  gram  substance  gave  0.41 12  gram  CO2  and  0.0945 
gram  HjO. 


Calculated  for 

C,8H2,0. 

Found. 

c 

8571 

85-41 

H 

7-93 

7.99 

Methylphenylvalerophenonoxime, 
C2H5CH(CH3)(CeH5)CH2C(C6H5):NOH,    was  obtained    in    the 
usual  way  and  purified  by  vacuum   distillation.     It    boils  at 
222°   (15  mm.).     At  the  ordinary  temperature  it  is  a  horn- 
like mass,  without  any  tendency  to  crystallization. 

Analysis : 

0.1522   gram  substance  gave  0.4522   gram  CO2  and  0.1109 
gram  HjO. 


Calculated  for 
C,8H2iON. 

Found. 

c 

H 

80.90 
7.86 

81.03 
8.09 
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Reaction  with  Phenylmagnesium  Bromide. — In  an  earlier 
paper  it  was  shown  that  one  of  the  substances  formed  in  this 
reaction  is  diphenylbutyrophenone.  To  determine  the  nature 
and  amounts  of  other  products,  the  mixture  obtained  by  de- 
composing the  magnesium  derivatives  with  iced  acid  was 
dried,  dissolved  in  acetone  and  treated  with  permanganate 
in  the  usual  way.  The  filtrate  from  the  oxides  of  manganese 
was  distilled  with  steam,  the  residue  dissolved  in  absolute 
alcohol  and  the  solution  cooled  in  a  freezing  mixture.  It 
deposited  pure  diphenylbutyrophenone.  The  filtrate  from 
this  ketone,  when  fractioned  under  diminished  pressure,  gave 
benzophenone  and  a  small  quantity  of  diphenylbutyrophe- 
none, making  the  total  yield  of  the  latter  lo.i  grams  from  20 
grams  of  dypnone. 

The  oxides  of  manganese  were  extracted  with  water,  but 
only  carbon  dioxide  and  a  trace  of  benzoic  acid  were  found  in 
the  solution.  The  steam  distillate  was  fractioned  and  found 
to  contain  a  considerable  quantity  of  acetophenone.  The 
products  of  oxidation  were,  therefore,  benzophenone  and 
acetophenone. 

CH3C(C,H5) :  CHC(OH)  (CeH,)^  +  40     = 

(C,il,),CO    +    CHgCOCeHg    +    CO2    +    H2O. 

Phenylbenzalacetophenone. 

Reaction  with  Ethylmagnesium  Bromide:  Diphenylvalero- 
phenone,  C2H5C(C6H5)2CH3COC6H5.— The  procedure  was  the 
same  as  that  followed  in  the  experiments  with  dypnone.  The 
principal  product  is  unsaturated:  40  grams  of  the  ketone 
gave  only  8  grams  of  unoxidizable  product.  This  was  puri- 
fied by  distillation.  It  is  a  colorless  oil  boiling  at  252°  (15 
mm.). 

Analysis : 

0.1262  gram  substance  gave  0.4055  gram  CO2  and  0.0810 
gram  HjO. 

Calculated  for 

C23H22O.  Found. 

C  87.90  87.54 

H  7.00  7  13 
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Diphenylvalerophenonoxime,     C2H5CH(C8H5)2CH2COC8H5. 

The  product  obtained  by  boiling  the  ketone  with  an  alkaline 
solution  of  hydroxylamine  decomposed  when  distilled  under 
the  lowest  pressure  available  and  failed  to  solidify  in  a  freez- 
ing mixture.  It  was,  therefore,  thoroughly  washed  with 
water,  dried  at  100°  under  diminished  pressure  and  extracted 
with  hgroin  to  remove  any  unchanged  ketone.  The  color- 
less residue,  which  closely  resembled  the  oxime  of  diphenyl- 
butyrophenone,  was  analyzed. 

0.1600  gram  substance  gave  0.4941  gram  COg  and  0.1053 
gram  Ufi. 

Calculated  for 
C23H23ON.  Foimd. 

C  83.89  84.21 

H  7.00  7.31 

Reaction  with  Phenylmagnesium  Bromide. — This  reaction 
gave  no  saturated  ketone.  The  only  products  obtained  were 
the  unsaturated  alcohol  and  hydrocarbon,  since  described  by 
Vorlander  and  Siebert.  ^ 

Diphenylbenzalacetophenone. 

Preparation. — The  substance  is  easily  made  by  boiling 
bromtriphenylpropiophenone,  suspended  in  absolute  alcohol, 
with  excess  of  strong  potassium  hydroxide.  As  the  unsatu- 
rated ketone  is  but  very  slightly  soluble  in  alcohol  it  separates 
during  the  operation  in  minute,  pale  yellow  prisms.  After 
boiling  for  several  hours,  these  were  removed,  washed  with 
hot  water  and  recrystallized  from  ethyl  acetate.  The  ketone 
crystallizes  in  aggregates  of  small,  pale  yellow  needles  that 
melt  at  153°.  It  is  sparingly  soluble  in  ether  and  acetone, 
moderately  in  chloroform  and  ethyl  acetate.  Its  solution 
in  concentrated  sulphuric  acid  is  blood-red  in  color. 

Analysis : 

0.1280  gram  substance  gave  0.4186  gram  COj  and  0.0660 
gram  H2O. 


Calculated  for 
C27H20O. 

C                              90.00 
H                                5.55 

Found. 
89.90 

5-72 

r.  d.  chem.  Ges.,  39,  1024. 
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The  ketone  is  an  exceedingly  inert  substance,  giving  almost 
none  of  the  typical  reactions  of  ketones  and  of  unsaturated 
compounds. 

Reaction  with  Ethylmagnesium  Bromide. — Diphenylbenzal- 
acetophenone  reacts  with  ethylmagnesium  bromide  in  the 
cold  and  forms  a  product  that  has  the  same  color  as  the  solu- 
tion of  the  ketone  in  concentrated  sulphuric  acid.  If  this 
product  is  poured  into  iced  acid  the  entire  amount  of  ketone 
is  regenerated,  but  if  the  liquid  in  which  it  is  partially  dis- 
solved is  boiled  the  'color  slowly  disappears  and  the  final  re- 
sult is  a  colorless  magnesium  derivative.  When  this  was 
poured  into  iced  acid  it  gave  only  oily  products.  Every  effort 
to  get  solid  substances  failed.  The  oil  was,  therefore,  dried, 
dissolved  in  acetone  and  treated  with  permanganate. 

The  only  substance  obtained  by  extracting  the  oxides  of 
manganese  was  acetic  acid.  The  filtrate  from  the  oxides  was 
allowed  to  evaporate  slowly.  It  deposited  some  solid  and  a 
considerable  quantity  of  oil.  The  solid  proved  to  be  diphenyl- 
benzalacetophenone.  More  of  this  substance  was  obtained 
by  dissolving  the  oil  in  absolute  alcohol  and  cooling  the  solu- 
tion in  a  freezing  mixture,  making  the  total  yield  6  grams 
from  20  grams  of  ketone.  This  shows  that  at  least  30  per 
cent  of  the  product  was  an  unsaturated  hydrocarbon  that  was 
oxidized  as  represented  by  the  equation : 

(CeH5)3C :  C(CeH,)C(CeH5) :  CHCH3  +  30     = 

(CeH5)2C:C(C6H5)COC6H5  +  CH3COOH. 

The  oil  left  after  removing  the  unsaturated  ketone  as  com- 
pletely as  possible  was  washed  thoroughly  and  dried  under 
diminished  pressure,  but  all  efforts  to  get  a  pure  substance 
from  it  failed.  The  results  of  analysis  and  the  behavior  to- 
wards ethylmagnesium  bromide  indicated  a  saturated  ketone 
formed  by  1,4-addition,  but  as  it  has  not  been  possible  to  prove 
this  conclusively  the  structure  must  be  left  in  doubt. 

Phenylhenzalmesitylene. 

The  behavior  of  this  ketone  is  exactly  like  that  of  diphenyl- 
benzalacetophenone.  With  phenylmagnesium  bromide  it  forms 
a  brilliant  red  double  compound  that  is  not  changed  by  pro- 
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tracted  boiling.  When  this  is  decomposed  with  iced  acid  it 
regenerates  the  original  ketone.  The  red  product  obtained 
with  ethylmagnesium  bromide  slowly  disappears  on  boiling, 
but  I  have  not  yet  succeeded  in  getting  definite  compounds 
from  the  resulting  magnesium  derivative. 

Benzoylphenylacetylene. 

The  experiments  with  benzoylphenylacetylene  were  begun 
with  the  intention  of  making  a  comparative  study  of  the  be- 
havior of  aliphatic  and  aromatic  acetylenic  ketones.  While 
the  experiments  were  in  progress  Mouren  and  Brachin  pub- 
lished a  paper  on  the  aliphatic  ketones  which  showed  that 
these  react  exactly  like  benzoylphenylacetylene.  Work  in 
this  direction  has,  therefore,  been  discontinued. 

The  reaction  with  phenylmagnesium  bromide  gave  an  ex- 
cellent yield  of  oxytriphenylpropine,  which  was  identified  by 
comparison  with  a  specimen  made  as  directed  by  Nef.^  The 
small  quantity  of  oil  left  after  removing  the  alcohol  was  found 
to  be  entirely  free  from  ketone,  showing  that  there  was  no  1,4- 
addition. 

Bryn  Mawr  College, 
May,  1907. 
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ON  THE  BEHAVIOR  OF  VARIOUS  ALDEHYDES,  KE- 
TONES   AND    ALCOHOLS    TOWARDS    OXID- 
IZING AGENTS. 

By  W.  Denis. 

The  work  of  Nef^  on  dissociation  phenomena  shown  by 
the  monatomic  and  polyatomic  alcohols,  the  ketones,  alde- 
hydes, etc.  makes  it  possible  to  follow  rigorously  by  experiment 
the  stages  through  which  an  oxidation  reaction  proceeds  in 
the  case  of  a  large  number  of  even  decidedly  complex  aliphatic 
compounds,  as  has  been  shown  in  a  striking  manner  by  the 
recent  work  of  Evans^  on  benzoylcarbinol  and  the  benzilic 
acid  rearrangement. 

>  Ann.  Chem.  (Liebig),  308,  282. 
»76td.,S18,  137;  336.  191. 
'  This  Journal,  36,  115. 
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At  the  suggestion  and  under  the  guidance  of  Dr.  Nef,  I 
have  undertaken  a  study  of  the  behavior  of  ethyl  alcohol, 
ethyl  ether,  acetaldehyde,  and  acetic  acid  towards  oxidizing 
agents  under  various  conditions.  These  experiments  then 
logically  led  me  to  a  detailed  study  of  the  behavior  of  acetone^ 
acetol,  pyruvic  acid,  and  aldehyde,  as  well  as  of  lactic  and 
mesoxalic  acids  towards  oxidizing  agents. 

In  this  connection  I  have  also  made  a  careful  study  of  the 
various  reactions  shown  by  ethyl- 1, 2 -diketobuty rate,  pyruvic 
aldehyde  and  mesoxalic  acid. 

Quantitative  Methods  of  Work. 

The  relative  amounts  of  carbonic,  formic,  oxalic,  acetic^ 
lactic,  and  other  acids  formed  in  the  various  cases  were  deter- 
mined quantitatively  in  the  following  manner:  The  alkaline 
solution  was  first  freed  by  filtration  from  insoluble  manganese 
dioxide,  silver,  mercury,  etc.,  and  then  treated  with  the  cal- 
culated amount  of  aqueous  hydrogen  chloride.  The  carbon 
dioxide  thus  set  free  was  driven  out  of  the  solution  by  heat- 
ing in  a  flask  connected  successively  with  a  reversed  condenser 
and  with  two  or  three  tall  cylinders  filled  with  a  saturated 
aqueous  solution  of  barium  hydroxide.  The  hydrogen  chlor- 
ide was  added  slowly  by  means  of  a  separatory  funnel,  and, 
to  insure  complete  expulsion  of  the  soluble  gases,  the  liquid 
was  finally  heated  in  a  bath  kept  between  110°  and  120° 
for  two  hours.  During  all  this  time  a  steady  stream  of  air 
free  of  carbon  dioxide  was  drawn  through  the  solution.  The 
carbon  dioxide  was  generally  absorbed  completely  in  the 
first  cylinder  containing  the  caustic  alkali  and  the  precipita- 
ted barium  carbonate  was  then  filtered  off,  well  washed  and 
dried  at  100°. 

In  those  experiments  where  sodium  or  potassium  hydrox- 
ides were  used,  the  amount  of  carbonic  acid  present  in  these 
reagents  was  determined  by  control  experiments  and  was 
then  deducted  from  the  total  amount  of  carbon  dioxide  ob- 
tained in  a  given  experiment.  The  amount  of  volatile  acids 
and  non-volatile  products  left  in  the  aqueous  solution  was. 
now  determined  as  follows : 
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Water  and  volatile  acids  were  distilled  off  at  12  to  20  mm. 
pressure,  heating  finally  on  a  boiling  water-bath.  The  salt 
residue  was  then  thoroughly  extracted  with  ether  and  the 
amount  of  lactic,  oxalic,  or  other  non-volatile  acids  present 
was  determined  by  the  usual  methods.  The  aqueous  dis- 
tillate was  made  up  to  a  definite  volume,  and  a  portion  was 
then  titrated  with  N/io  potassium  hydroxide.  Only  two 
volatile  acids,  formic  and  acetic,  were  generally  present;  and 
in  such  a  case,  the  amount  of  formic  acid  in  the  solution  was 
always  determined  quantitatively  by  its  conversion  in  alka- 
line solution  with  N/io  potassium  permanganate  into  car- 
bonate, according  to  H.  C.  Jones's  method.*  The  amount  of 
acetic  acid  present  could  then  obviously  be  determined  from 
the  data  obtained  by  the  titration  with  N/io  potassium  hy- 
droxide. In  those  cases  where  it  was  found  that  the  aqueous 
distillate  gave  a  test  for  hydrogen  chloride,  this  body  was  re- 
moved, when  necessary,  by  treatment  with  small  amounts 
of  silver  oxide  and  subsequent  redistillation  under  reduced 
pressure. 

/.     On  the  Behavior  of  Ethyl  Alcohol,  Ethyl  Ether  and  Acet- 

aldehyde    towards    Potassium    Permanganate    alone, 

and    in    the    Presence    of    Caustic    Alkalies. 

It  has  hitherto  been  assumed  that  a  primary  alcohol  or 
its  corresponding  ether,  when  treated  with  oxidizing  agents, 
always  goes  over  quantitatively,  with  intermediate  forma- 
tion of  the  aldehyde,  into  the  corresponding  fatty  acid.  The 
long  known  conversion  of  ethyl  alcohol  by  concentrated 
nitric  acid  into  glyoxal,  glyoxyUc,  and  oxalic  acids  cannot  be 
regarded  as  an  exception  to  this  rule  because  acetaldehyde, 
which  is  first  formed,  must  obviously  react  at  once  with  the 
nitrous  acid  present  to  give  the  monoxime  of  glyoxal  accord- 
ing to 

I    I 
O  =  CH  —  CH2  —  H  -f  O  —  NOH  ^-^ 

O  =  CH  —  CH2  —  N(0H)2  m-^ 

O  =  CH  —  CH  =  NOH  -f  HP, 

1  This  JoxniNAL,  17,  537.     Cf.  Lieben:  Monats.  Chem.,  14,  146;  and  Pean  de  St. 
GiUes:  Ann.  Chim.  Phys.  [3],  66,  388. 
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and  this  compound  then  gives,  by  hydrolysis,  etc.,  the  prod- 
ucts actually  obtained.*  I  have  found  that,  when  ethyl  alco- 
hol, ethyl  ether,  and  acetaldehyde  are  oxidized  in  cold  aqueous 
solution  with  an  excess  of  normal  potassium  permanganate, 
acetic  acid  is  the  sole  reaction  product.  When,  however, 
potassium  hydroxide  is  present  in  excess,  acetic  acid  is  still 
the  main  reaction  product,  but  carbonic  and  oxalic  acids  are 
also  formed — in  larger  amount  the  greater  the  concentration 
of  the  caustic  alkali  used.  It  is  certain  that  these  two  last- 
named  products  cannot  possibly  originate  from  a  further 
oxidation  of  the  acetic  acid,  because  special  experiments  with 
acetic  acid  and  a  great  excess  of  potassium  hydroxide  prove 
that  no  change  takes  place  even  in  the  presence  of  a  large 
amount  of  potassium  permanganate  at  100°.  How,  then, 
are  we  to  interpret  the  formation  of  carbonic  and  oxalic  acids 
in  the  reactions  under  consideration?  The  experiments  of 
Nef  prove  that  ethyl  alcohol  and  ethyl  ether  are  dissociated 
only  into  water  and  one  or  two  molecules  of  ethylidene.  The 
ethylidene  molecules  present,  therefore,  take  up  the  hydroxy! 
groups  of  the  dissociated  water  or  alkali,  giving  ethylidene 
dihydroxide,  CH3CH(OH)2,  and  the  atomic  hydrogen  thus 
set  free  is  then  at  once  taken  up  by  the  permanganate  present 
to  give  potassium  hydroxide  and  manganese  dioxide  according 
to 

O 

KO  — 0  =  Mn  =  0  +  3H  =^  KOH -h  MnO,  +  H,0. 
It  is  certain  from  the  work  of  Wagner,  with  olefines  and  per- 
manganate, that  if  ethylene  were  present  as  a  product  of  dis- 
sociation of  alcohol  and  ether  it  must  at  once  give  ethylene- 
glycol  or  its  oxidation  products  under  the  conditions  em- 
ployed.    Acetic  acid  is,  however,  the  sole  reaction  product. 

Similarly,   ethyUdene   dihydroxide,   CH3CH(OH)2,   is  disso- 
ciated   only  into  water   and    ethylidene    oxide,   CH3CH  =  0, 

CH3X  y 

and  hydroxyethylidene,  /C<(  ,  respectively;  and  the last- 

HQ/       \ 
named    substance    then    at    once    takes    up    two    hydroxy  1 

^    1  Nef:     J.  Am.  Chem.  Soc,    26,  1574. 
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groups  in  the  presence  of  potassium  permanganate,  giving 
orthoacetic  acid,  CH3C(OH)3,  etc.  If  an  aqueous  solution 
of  acetaldehyde  contained  in  addition  some  vinyl  alcohol 
molecules,  CH2  =  CH0H,  it  is  certain  that  this  substance, 
by  uniting  with  two  hydroxyl  groups  of  the  dissociated  water 
present,  must  at  once  give  trihydroxyethane  (glycolyl  alde- 
hyde), CH2OH— CH(0H)2,  or  its  further  oxidation  products. 
But  not  a  trace  of  any  substance  other  than  acetic  acid  is  ob- 
tained when  acetaldehyde  is  oxidized  in  the  presence  of  aqueous 
potassium  permanganate. 

The  correctness  of  these  conclusions  can,  in  fact,  be  tested 
experimentally,  because  Nef^  and  McLeod^  have  proved  that 
an  aqueous  solution  of  acetaldehyde  contains  vinyl  alcohol 
molecules  as  soon  as  potassium  or  sodium  hydroxides  are 
present  in  amounts  above  o.i  per  cent.  The  vinyl  alcohol, 
which  is  formed  by  intramolecular  addition  from  the  hydroxy- 
ethylidene, 

HO— C— CH— H     fi^-^     HOCH=CH„ 
/\ 
is  then  at  once  absorbed  by  unchanged  acetaldehyde,  with 
anion  rearrangement,^ 
CH3CH— O  -f  H— O— CH=CH2      ^-^ 

I         I 

CH3CH(OH)CH2— CH  =0, 

giving  acetaldol,  etc.  The  correctness  of  all  these  conclu- 
sions is  established  by  the  following  facts:  When  an  aqueous 
solution  of  acetaldehyde  is  allowed  to  stand  for  a  long  time 
with  freshly  precipitated  oxide  of  mercury,  no  action  takes  place 
in  the  cold;  if,  however,  sodium  hydroxide  or  carbonate  is 
added,  the  aldehyde  present  is  very  rapidly  and  completely 
converted,  with  marked  evolution  of  heat,  into  white,  insolu- 
ble, basic  mercuric  vinylate,  Hg(OCH  =  CH2)2.HgO,  from 
which,  by  addition  of  dilute  acids,  acetaldehyde  can  again 
be  regenerated  quantitatively.  This  shows  that  no  vinyl 
alcohol  molecules  are  present  in  an  aqueous  solution  of  acet- 
aldehyde and   that  these  appear  only  when   sufficient  alkali 

1  Ann.  Chem.  (Liebig),  298,  316-318. 

2  This  Journal,  37,  25. 

'  Nef:  Ibid.,  37,  296,  foot-note. 
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has  been  added.  It  is  now  possible  to  explain  very  simply 
and  completely  the  results  obtained  when  ether,  alcohol,  or 
acetaldehyde  is  treated  with  aqueous  potassium  permanganate, 
alone  or  in  the  presence  of  an  excess  of  caustic  alkali.  The 
acetaldehyde,  which  under  all  conditions  is  the  first  oxidation 
product  of  alcohol  and  ether,  must  naturally  give  only  acetic 
acid  when  the  oxidation  takes  place  in  the  presence  of  aqueous 
potassium  permanganate,  even  though  a  very  small  amount 
of  potassium  hydroxide  is  formed  in  the  operation  according 
to  the  equation : 

KOMnOg  +  3H     »^     KOH  +  Mn02  +  Hp. 

Now  the  experiments  of  McL-eod  show  that  the  concentra- 
tion of  the  caustic  alkali  present  must  be  above  a  certain  defi- 
nite limit  (o.i  per  cent)  before  any  molecules  of  vinyl  alco- 
hol appear  in  the  aqueous  solution  of  acetaldehyde.  As  soon 
as  this  happens,  these  must  then  obviously  be  at  once  removed 
in  the  presence  of  the  permanganate  to  give  trihydroxy- 
ethane  (glycolyl  aldehyde),  etc.  The  formation  of  carbonic 
and  oxalic  acids,  which  is  observed  in  increasing  amounts 
with  a  greater  concentration  of  caustic  alkali,  when  ethyl 
alcohol,  ethyl  ether,  or  acetaldehyde  is  oxidized  in  aqueous 
solution  with  permanganate  in  the  presence  of  potassium  hy- 
droxide, must,  therefore,  be  ascribed  to  the  intermediate 
formation  of  a  simple  sugar,  a  diose,  glycolyl  aldehyde,  which, 
in  turn,  owes  its  origin  to  an  oxidation  of  the  vinyl  alcohol 
molecules  as  soon  as  formed. 

Glycolyl  aldehyde,  being  dissociated^  according  to 


and 


(a)  CH2OH— CHO     ^    \CH0H  +  CH^O 
(6)   CHjOHCH^O     ^    ^Ch.chO  +  H^O, 


is  in  part    (a)  oxidized,  with  intermediate  formation  of  two 
molecules  of  formic  acid  to  carbon  dioxide,  and  in  part  (b) 
oxidized  (glyoxal,  etc.)  to  oxalic  acid  as  an  end-product. 
Entirely  similar  results  were  obtained  in  the  case  of  acetone. 

>  Nef:  Ann.  Chem.  (Liebig),  336,  274  and  282. 
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An  aqueous  solution  of  acetone  contains  the  following  mole- 
cules in  dynamic  equilibrium:^ 

CH3COCH3  ^  CH3C0H  +  ycu^. 

When,  therefore,  this  ketone  is  oxidized  in  neutral  or  acid 
solution  with  an  excess  of  permanganate,  bichromate,  etc., 
acetic  and  carbonic  acids  are  formed  in  exactly  molecular 
amounts.  An  aqueous  solution  of  acetone  can  consequently 
contain  no  trace  of  enol  or  /?-hydroxypropylene  molecules. 
As  soon,  however,  as  a  certain  definite  and  very  small  amount 
of  potassium  hydroxide  is  added  to  the  solution  the  pres- 
ence of  isoacetone  molecules  can  at  once  be  rigidly  established 
by  experimentation  in  three  different  ways : 

(i)  By  the  quantitative  transformation  into  mercuric 
^-hydroxypropylene. 

(2)  By  the  conversion  of  acetone  into  diacetone  alcohol, 
(CH3)2=COH— CH2COCH3  (addition  of  the  ^-hydroxypro- 
pylene  molecules,  with  anionic  rearrangement,  to  unchanged 
acetone). 

(3)  By  the  almost  quantitative  oxidation  of  the  /?-hydroxy 
propylene  molecules,  with  intermediate  formation  of  acetol, 
trihydroxypropane,  CH3C(OH)2CH20H,  into  equimolecular 
quantities  of  carbonic  and  oxalic  acids. 

Acetone,  as  has  long  been  known,  does  not  react  in  aqueous  solu- 
tion with  freshly  precipitated  and  well  washed  mercuric  oxide. 
As  soon,  however,  as  an  alkali  is  added  a  practically  quanti- 
tative conversion  into  snow-white  mercuric  isoacetone, 
(CH3C — O — )2Hg,  takes  place  with  marked  evolution  of  heat. 

II 
CH2 

This  shows  very  clearly  (i)  that  an  aqueous  solution  of 
acetone  contains  no  ^S-hydroxypropylene  molecules;  and  (2) 
that  such  molecules  appear  in  the  solution  on  addition  of 
small  amounts  of  potassium  or  sodium  hydroxide,  and  that 
their  presence  can  at  once  be  recognized  in  the  three  ways 
indicated  above. 

It  was  now  of  great  interest  to  determine  whether  acetic 
acid,    in    aqueous    solution,     contains    any    isoacetic    acid, 

>  Nef:  Ann.  Chem.  (Liebig),  318,  191  and  227. 
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CH2  =  C(OH)2,  molecules,  especially  in  the  presence  of  a  great 
excess  of  potassium  hydroxide,  for  it  may  now  be  considered 
as  practically  certain  that  sodium  isoacetic  ether, 

/ONa 

CH2=:C< 

\OC2H, 
and  sodium  isoacetic  anhydride, 

/ONa 
CH2=C< 

\OCOCH3 

are  the  intermediate  products  formed  in  the  conversion  of 
acetic  ether  into  acetoacetic  ether  by  means  of  various  re- 
agents and  in  Perkin's  reaction,  respectively.  These  are  then 
absorbed  with  anionic  rearrangement^  by  unchanged  ethyl 
acetate  or  benzaldehyde  to  give  either  sodium  acetoacetic 
ether  or  cinnamic  acid. 

My  experiments  show  that  aqueous  solutions  of  acetic  acid, 
even  in  the  presence  of  a  very  great  excess  of  sodium  or  potas- 
sium hydroxide,  are  unaffected  even  by  prolonged  digestion 
with  an  excess  of  potassium  permanganate;  consequently, 
no  trace  of  a  salt  of  isoacetic  acid  can  be  present,  since  such 
a  substance  would  necessarily  be  immediately  oxidized  in  the 
cold,  with  intermediate  formation  of  orthoglycolic  acid, 
CH2OH — C(0H)3,  to  oxalic  acid.  This  result  shows  why 
condensation  reactions  with  ketones  and  aldehydes  take 
place  with  such  marvelous  ease  in  the  presence  of  a  trace  of 
alkali,  whereas  those  with  ethyl  acetate,  etc.,  take  place  with 
far  greater  difficulty. 

The  intermediate  formation  of  an  olefine  derivative  (vinyl 
alcohol,  etc.)  is  a  conditio  sine  qua  non  in  all  these  condensa- 
tions, as  was  first  made  clear  by  Nef's  work.^  We  must  now 
assume,  however,  that  in  these  condensations  it  is  not  the  vinyl 
alcohol  derivative  that  absorbs  the  ketone,  aldehyde,  or  ethyl 
acetate,  but  vice  versa,  i.  e.,  the  last-named  substances  absorb, 
by  carbonyl  addition,  the  dissociated  vinyl  alcohol  deriva- 
tive, with  rearrangement  of  the  anion.  ^ 

>  Loc.  cit. 

2  Ann.  Chem.  (Liebig),  298,  315,  319. 

3  Nef:  This  Journal.  37,  296,  foot-note. 
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Finally,  my  experiments  show  very  plainly  how  alcohol, 
ether,  acetone,  and  acetic  acid  may  be  assimilated  by  plants. 
Acetaldehyde  must  obviously  be  the  intermediate  product  in 
all  cases;  this  is  then  transformed,  in  the  presence  of  enzymes, 
into  vinyl  ajcohol,  which  at  once  takes  up  two  hydroxyl  groups, 
giving  glycolyl  aldehyde,  etc. 

Acetaldehyde,  Potassium  Permanganate,  with  and  without 
Alkali. — Six  grams  of  freshly  distilled  acetaldehyde,^  dis- 
solved in  50  cc.  of  water,  were  slowly  added,  in  the  cold,  and 
in  the  course  of  twenty  hours,  to  798  cc.  of  an  aqueous  solu- 
tion containing  64  grams  of  potassium  hydroxide  (8.5  mols.) 
and  24.6  grams  of  potassium  permanganate.  At  the  end  of 
this  time  the  pink  color  of  the  permanganate  had  entirely 
disappeared.  On  filtering  and  working  up  in  the  usual  man- 
ner, 8.6  grams  barium  carbonate,  corresponding  to  2.02  grams 
carbon  dioxide,  and  1.6  grams  crystallized  oxalic  acid  (m.  p. 
103°),  were  obtained.  One  hundred  and  fifty  cc.  of  the  aqueous 
distillate  (total  volume  3.5  liters)  required  5.15  cc.  normal 
potassium  hydroxide  for  neutralization,  using  phenolphthalein 
as  an  indicator.  Consequently  6  grams  (or  75  per  cent  of 
the  amount  demanded  by  theory)  of  acetic  acid  were  present 
in  the  aqueous  distillate,  which  was  proved  to  contain  no 
formic  acid. 

A  second  experiment  was  now  carried  out,  in  which  10  grams 
of  acetaldehyde,  in  water,  were  slowly  added  within  twenty- 
four  hours  to  an  approximately  normal  solution  of  potassium 
permanganate  containing  23.9  grams  of  the  salt  but  no  potas- 
sium hydroxide.  On  working  up  the  colorless  filtrate  in  the 
usual  manner  and  with  special  care,  not  a  trace  of  carbonic 
or  oxalic  acid  could  be  found.  The  total  volume  of  the  aqueous 
distillate  was  3.5  liters,  and  150  cc.  of  this  required  9.44  cc. 
normal  potassium  hydroxide  for  neutralization.  Hence  the 
total  amount  of  acetic  acid  present  was  13.2  grams. 

Ethyl  Alcohol,  Permanganate,  Etc. — Six  and  two- tenths 
grams  of  absolute  alcohol,  in  50  cc.  water,  were  slowly  added 
(within  twenty-two  hours)  to  iioo  cc.  of  an  aqueous  solution 
containing  33  grams  of  potassium  permanganate  and  60  grams 

>  McLeod:  This  Journal,  37,  28. 
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(7  mols.)  of  potassium  hydroxide.  Complete  reduction  of 
the  permanganate  took  place  in  the  cold.  Six  and  four-tenths 
grams  of  barium  carbonate,  which  is  equivalent  to  1.5  grams 
of  carbon  dioxide,  and  1.4  grams  of  crystallized  oxalic  acid 
were  obtained.  One  hundred  and  fifty  cc.  of  the  aqueous 
distillate  (volume,  3.5  liters)  required  46.80  cc.  N/io  potas- 
sium hydroxide  for  neutralization.  The  amount  of  acetic 
acid  present  was,  therefore,  6.4  grams.  Fournier  has  very 
recently  shown*  that  only  50  per  cent  of  the  theoretical  amount 
of  acetic  acid  is  formed  when  ethyl  alcohol  is  oxidized  by  per- 
manganate in  the  presence  of  a  large  excess  of  potassium 
hydroxide.  He  did  not  ascertain  the  nature  of  the  other 
products  formed,  but  proved  that  entirely  analogous  results 
are  obtained  with  other  primary  alcohols,  such  as  propyl, 
isobutyl  alcohol,  etc.  Hammelmeyer^  and  Nef^  have  made 
entirely  similar  observations  in  the  case  of  the  spontaneous 
oxidation  of  various  primary  sodium  alcoholates  in  dry  air 
or  oxygen,  and  Dr.  Nef  informs  me  that  he  has  never  been 
satisfied  with  the  explanation  formerly  given  by  him*  to  ac- 
count for  the  presence  of  large  amounts  of  carbonic,  formic 
and  oxalic  acids  which  were  observed  in  addition  to  the  nor- 
mal oxidation  product,  i.  e.,  the  corresponding  fatty  acid. 
These  results  are  now  self-evident,  since  the  aldehyde, 

C„H,„^.,CH  =  0, 

first  formed  in  the  oxidation  must,  of  necessity,  in  the  pres- 
ence of  the  large  amount  of  unchanged  sodium  alcoholate, 
be  converted  into  the  vinyl  alcohol  derivative, 

C„,H2„,  +  ,  CH  =  CHONa     (w  =  w'  -f  i ) ; 

and  this  must  then,  by  absorption  of  two  hydroxyl  groups, 
give  at  once  the  aldose, 

C„,H2„,  +  ,CH0H-CH(0H),. 

The  atomic  hydrogen  thus  simultaneously  set  free  is  taken 
up  by  the  active  molecular  oxygen  present  to  give  hydrogen 

»  Compt.  rend.,  144,  331-333. 
'Monats.  Chem. ,  12,  151. 
«  Ann.  Chem.  (Liebig),  318,  177. 
*  Ibid.,  31S.  179. 
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peroxide,  etc.  The  aldose  or  sugar  formed  is  thereupon 
converted,  by  further  oxidation,  into  formic,  carbonic,  oxalic, 
and  other  acids,  as  will  be  shown  in  an  article  by  Nef  on  the 
oxidation  of  sugars,  soon  to  be  published  in  Liebig's  Annalen 
der  Chemie. 

In  a  second  experiment,  where  iioo  cc.  of  a  solution  con- 
taining 33  grams  of  potassium  permanganate,  but  no  potas- 
sium hydroxide,  was  used,  it  was  found  necessary  to  add  10 
grams  of  absolute  alcohol  during  a  period  of  forty-eight  hours 
before  complete  decolorization  took  place  in  the  cold.  On 
working  up  the  reaction  products  as  usual,  no  trace  of  carbon 
dioxide  or  of  oxalic  acid  could  be  found:  150  cc.  of  the  aqueous 
distillate  (total  volume  3  liters)  required  10.30  cc.  normal 
potassium  hydroxide  for  neutralization.  Hence,  12.7  grams 
of  acetic  acid  were  present. 

Ethyl  Ether,  Potassium  Permanganate,  Etc. — The  oxidation 
of  ether  by  potassium  permanganate  takes  place  far  more 
slowly  than  does  that  of  alcohol,  since  the  percentage  of  ethyl- 
idene  dissociation  in  the  former  case  cannot  be  increased  by 
the  presence  of  potassium  hydroxide,  whereas  in  the  case  of 
alcohol  this  can  be  increased  enormously  because  of  the  forma- 
tion of  a  salt.^  Nine  grams  of  absolute  ether  were  gradually 
added  in  the  course  of  three  days  to  an  aqueous  solution 
(volume  about  2.3  liters)  containing  70.8  grams  potassium 
permanganate  and  37.8  grams  (5.5  mols.)  potassium  hydrox- 
ide. The  mixture  was  then  heated  for  five  hours  under  a  re- 
versed condenser  in  a  bath  kept  between  45°  and  50°. 

Four  and  one-tenth  grams  of  barium  carbonate,  correspond- 
ing to  1.8  grams  carbon  dioxide,  and  2.24  grams  crystallized 
oxalic  acid  were  obtained  on  proceeding  in  the  usual  manner. 
One  hundred  cc.  of  the  aqueous  distillate  (total  volume,  4 
liters)  required  10.08  cc.  N/io  potassium  hydroxide  for  neutraHza- 
tion.     Hence  a  total  of  10.8  grams  of  acetic  acid  was  present. 

In  a  second  experiment,  1950  cc.  of  an  aqueous  solution, 
containing  62.4  grams  of  potassium  permanganate,  were  used 
and  II  grams  of  ether  were  added  within  three  days.  The 
mixture  was  then  heated  for  sixteen  hours  in  a  bath  kept  at 

»  Nef:  Ann.  Chem   (Liebig),  318,  138. 
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45°-50°.  Only  0.4  gram  of  barium  carbonate  and  no  trace 
of  oxalic  acid  was  obtained.  Fifty  cc.  of  the  aqueous  dis- 
tillate (volume,  4.5  liters)  required  31.19  cc.  N/io  potassium 
hydroxide  for  neutralization.  Therefore,  the  amount  of  acetic 
acid  present  was  16.79  grams. 

Acetic  Acid,  Permanganate,  Etc. — One  gram  of  potassium 
acetate  in  10  cc.  water  was  digested  under  a  reflux  condenser 
with  50  cc.  normal  potassium  permanganate  for  one  and  a 
half  hours  in  an  oil  bath  kept  between  100°  and  110°,  and 
then  for  three  hours  longer  at  ii5°-i20°,  but  only  traces  of 
reduction  to  manganese  dioxide  could  be  noticed,  which  was 
probably  due  to  a  slight  decomposition  of  the  permanganate 
itself.  Entirely  analogous  results  were  obtained  when  the 
aqueous  solution  contained,  in  addition,  4.7  grams  (10  mols.) 
of  potassium  hydroxide. 

II.     Acetone,  Permanganate,  Etc. 

As  is  well  known,  acetone,  when  oxidized  in  acid  solutions 
in  the  presence  of  such  reagents  as  potassium  bichromate, 
permanganate,  etc.,  is  invariably  converted  into  equimolecu- 
lar  amounts  of  carbon  dioxide  and  acetic  acid.^  It  has,  how- 
ever, recently  been  shown  by  Cochenhausen^  that  acetone, 
when  oxidized  with  an  excess  of  permanganate  in  strongly 
alkaline  solutions  containing  42  molecules  of  potassium  hy- 
droxide for  every  molecule  of  acetone,  gives  practically  only 
molecular  amounts  of  oxalic  and  carbonic  acids.  My  own 
experiments  show  that  when  acetone  is  oxidized  in  alkaline 
media  in  the  presence  of  permanganate,  acetic  as  well  as  car- 
bonic and  oxalic  acids  are  formed,  and  that  the  relative  amount 
of  the  last-named  acid  increases  with  the  concentration  of 
potassium  hydroxide  employed.  Furthermore,  my  experi- 
ments with  acetol,  lactic,  pyruvic,  and  mesoxalic  acids  prove 
that  the  formation  of  oxalic  acid  from  acetone  is  due  to  the 
successive  intermediate  formation  of  acetol,  pyruvic  and  mes- 
oxalic acids.  The  acetol  is  obviously  obtained  from  the  oxi- 
dation of  the  isoacetone  molecules,  which  are  present  in  an 
alkaline  solution  of  acetone,  as  shown  above. 

I  Dumas,  Stas,  Gottlieb:  Ann.  Chem.  (Liebig),  52,  130;  Hercz:  Ibtd.,  166,  257. 
s  J.  prakt.  Chem.  [2],  68,  454. 
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Five  and  four-tenths  grams  of  acetone,  in  100  cc.  water, 
were  slowly  added  to  18 16  cc.  of  a  solution  containing  57.2 
grams  potassium  permanganate  and  30  grams  (5  mols.)  of 
potassium  hydroxide.  The  decolorization  of  the  perman- 
ganate was  complete  after  two  days'  standing  in  the  cold. 
The  amount  of  carbon  dioxide  formed  was  not  determined, 
but  7.1  grams  of  crystallized  oxalic  acid,  or  58  per  cent  of 
the  amount  demanded  by  theory,  were  obtained;  in  addition, 
2.9  grams  (31  per  cent  of  theory)  of  potassium  acetate  were 
obtained  on  neutralizing  the  aqueous  distillate  with  potas- 
sium hydroxide,  evaporating  and  extracting  the  salt  residue 
with  absolute  alcohol. 

In  a  second  experiment,  in  which  5.7  grams  acetone  and 
2971  cc.  of  a  solution  containing  47.1  grams  of  potassium 
permanganate  and  4.8  grams  (i  mol.)  of  potassium  hydroxide 
were  allowed  to  stand  in  the  cold  overnight,  and  the  mixture 
then  heated  for  one  hour  under  a  reflux  condenser,  in  a  bath 
kept  at  60°,  I  obtained  2.1  grams  of  oxalic  acid  (17  per  cent  of 
theory)  melting  at  103°  and  5  grams  of  potassium  acetate, 
or  5 1  per  cent  of  the  amount  demanded  by  theory.  A  por- 
tion of  the  latter  substance  was  converted  by  double  decom- 
position into  silver  acetate  and  analyzed. 

0.4490  gram  substance  gave,  on  ignition,  0.2894  gram  Ag, 

Calculated  for 
C2H302Ag.  Found. 

Ag  64.5  64.67 

In  a  third  experiment,  in  which  10  grams  of  acetone  and 
2250  cc.  of  a  solution  containing  72  grams  of  potassium  per- 
manganate, but  no  potassium  hydroxide,  were  used,  the  mix- 
ture being  heated  under  a  reversed  condenser  for  22  hours, 
in  a  bath  kept  at  50^-55 °,  I  obtained  33  grams  of  barium  car- 
bonate, corresponding  to  7.4  grams  of  carbon  dioxide  and 
only  0.3  gram  of  oxalic  acid.  Fifty  cc.  of  the  aqueous  dis- 
tillate (total  volume,  4  liters)  required  21.21  cc.  N/io  potas- 
sium hydroxide  for  neutralization.  Hence  the  amount  of 
acetic  acid  present  was  10.18  grams. 

Acetol,  Permanganate,  Etc. — An  aqueous  solution  of  acetol 
contains  the  following  molecules^  in  dynamic  equilibrium: 

1  Nef:  Ann.  Chem.  (Liebig),  336,  269-279. 
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CH3 


CH3CH  =  O  +  ^CHOH     ^ 

CH3CO— CH2OH     ^    CH3CO.CH  +  H2O. 
Acetol.  (B) 

In  the  presence  of  an  alkali  the  enol  molecules, 

^c<'  +  Vhoh   ^ 

(A)  CH3COH  CH3COH 

11  ^  II  +  H2O, 

HCOH  —  C  — 
Enolic  acetol.  (B) 

must  also  be  present.^  The  experiments  with  permanganate 
prove  that,  when  acetol  is  oxidized  in  the  absence  of  an  alkali, 
no  trace  of  oxalic  acid  but  molecular  quantities  of  acetic  and 
carbonic  acids  are  obtained.  In  the  presence  of  caustic  alkali, 
however,  the  amount  of  acetic  acid  decreases  and  that  of 
oxalic  acid  increases  in  proportion  to  the  amount  of  caustic  potash 
added,  so  that  finally  almost  no  acetic  acid  is  formed.  This 
can  only  mean  (i)  that  without  alkali  the  main  reaction  con- 
sists in  the  burning  of  the  unsaturated  (A)  molecules  to  acetic 
and  carbonic  (with  intermediate  formation  of  formic)  acids; 
(2)  that  in  the  presence  of  the  alkaline  hydroxide,  which  must 
necessarily  increase,  through  salt-formation, ^  the  percentage 
of  dissociation  according  to  (B),  the  main  reaction  is  conver- 
sion of  the  unsaturated  (B)  molecules  into  pyruvic  aldehyde. 

In  order  to  determine  through  what  stages  the  transforma- 
tion of  the  pyruvic  aldehyde  proceeds,  under  the  conditions 
employed,  into  equal  molecules  of  oxalic  and  carbonic  acid, 
it  was  now  obviously  necessary  to  try  corresponding  experi- 
ments with  pyruvic,  lactic  and  mesoxalic  acids. 

Experiments  with  permanganate  and  pyruvic  aldehyde 
itself  have  not  yet  been  carried  out  because  I  did  not  succeed 
in  working  out  a  method  for  obtaining  large  quantities  of 
this  substance  until  all  my  other  work  was  practically  com- 
pleted. It  is  certain,  however,  from  the  data  obtained  that 
pyruvic,  hydroxypyruvic,  and  mesoxalic  acid  are  successive 

«  Evans:  This  Journal,  36,  136-142. 
2  Nef:  Ann.  Chem.  (Liebig),  336,  275. 
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termediate  products  in  the  transformation  of  pyruvic  alde- 
yde  into  oxalic  and  carbonic  acid  under  the  given  conditions; 
16  only  point  in  doubt  is  whether  the  pyruvic  acid  is  formed 
[)  through  direct  oxidation  of  the  aldehyde  group,  or  (2) 
irough  an  intermediate  formation  of  rf-Mactic  acid  (by  the 
enzilic  acid  rearrangement^)  or  whether  both  reactions,  (i) 
nd  (2),  take  place  simultaneously. 

Six  and  fifty-two  hundredths  grams  of  acetol  in  30  cc. 
rater  were  slowly  poured  into  1400  cc,  of  a  solution  contain- 
ig  42.6  grams  potassium  permanganate  and  37  grams  (7.5 
lols.)  of  potassium  hydroxide.  Vigorous  cooling  with  run- 
ling  water  was  at  first  necessary,  as  oxidation  took  place 
nth  great  rapidity  and  much  evolution  of  heat.  On  pro- 
eeding  as  usual,  after  two  days'  standing,  18.8  grams  of  bar- 
um  carbonate,  which  is  equivalent  to  3.86  grams  of  carbon 
lioxide,  and  5.5  grams  (50  per  cent  of  the  amount  demanded 
)y  the  theory)  of  crystallized  oxalic  acid  were  obtained.  Five 
mndred  cc.  of  the  aqueous  distillate  (total  volume,  2.55 
iters)  required  56.7  cc.  N/io  sodium  hydroxide  for  neutral- 
zation.  Hence  1.74  grams  (34  per  cent  of  theory)  of  acetic 
icid  were  present. 

A  second  experiment,  with  6.6  grams  of  acetol  and  1221 
:c.  of  a  solution  containing  36.9  grams  of  potassium  perman- 
ganate and  14.9  grams  (3  mols.)  of  potassium  hydroxide,  gave 
3.3  grams  carbon  dioxide,  from  15.4  grams  of  barium  car- 
bonate, and  2.7  grams  oxalic  acid.  The  amount  of  acetic 
acid  present  was  not  determined. 

In  a  third  experiment,  6  grams  of  acetol  and  880  cc.  of  a 
solution  containing  25.6  grams  potassium  permanganate,  but 
no  potassium  hydroxide,  were  used.  After  four  days'  stand- 
ing, 2.7  grams  of  carbon  dioxide  (12.3  grams  barium  carbon- 
ate), 4.14  grams  of  acetic  acid,  but  no  trace  of  oxalic  acid, 
were  obtained  as  reaction-products. 

d-l-Lactic  Acid,  Permanganate,  Etc. — Beilstein  has  shown^ 
that  calcium  lactate,  when  oxidized  with  an  insufficient  amount 
of  potassium  permanganate,  gives  a  fair  amount  of  pyruvic 

'  Nef :  Ann.   Chem.    (Liebig),  298,  372;  336,  272.     Evans:  This  Journal,  86, 
116-119. 

s  Ber.  d.  chem.  Ges.,  17,  840. 
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acid.  The  experiments  of  Ulzer  and  SeideP  show  that  lactic 
acid  can  be  titrated  in  warm  alkaHne  solution  with  potassium 
permanganate,  and  that  oxalic  and  carbonic  acids  are  formed 
in  molecular  amounts  according  to 

CaHA  +  50^-^     C^O.H^  +  CO2  +  2H2O. 

I  have  repeatedly  confirmed  these  observations  of  Ulzer  and 
Seidel  by  titrating  lactic  acid  with  N/io  potassium  perman-: 
ganate  in  the  presence  of  an  excess  of  sodium  hydroxide  or 
carbonate  at  a  temperature  of  70°,  and  on  titrating  subse-, 
quently  in  acid  solution,  with  N/5  oxalic  acid,  etc.,  I  always! 
found  that  exactly  one  molecule  of  oxalic  acid  must  have' 
been  formed  in  the  first  stage  of  the  oxidation  process.  It 
is  obvious  that  pyruvic  acid  must  be  an  intermediate  product 
in  the  transformation  of  lactic  acid  under  discussion  j^  this 
is,  however,  further  oxidized  because  enol  molecules  of  pyru- 
vic acid  must,  of  necessity,  be  present  in  the  alkaline  solution, 
and  these  at  once  take  up  the  hydroxyl  groups 

CH2  CH2OH 

II  I 

COOH.COH  +  2  (HO)     s-^     C00H.C(0H)2, 

giving  first  hydroxypyruvic  acid,  which  is  then  oxidized  to 
the  ketone  aldehyde  acid,  COOH— CO— CH  =  O.  Mesoxalic 
acid  may  then  be  obtained  from  this  substance  (i)  by 
direct  oxidation  of  the  aldehyde  group;  (2)  by  an  interme- 
diate transformation  into  tartronic  acid,  COOH — CHOH — 
COOH,  by  the  benzilic  acid  rearrangement. 

Finally,  mesoxalic  acid,  being  dissociated  according  to 

COOH— CO— COOH     Z^    COOH— COOH  +  \c  =  0, 

must  at  once  give  carbon  dioxide  and  oxalic  acid  under  the 
conditions  employed.  It  is  also  clear  that  in  case  an  inter- 
ference with  the  benzilic  acid  rearrangement  of  CHO — CO — • 
COOH  takes  place  because  of  the  presence  of  the  permanga- 
nate,^ a  very  small  portion  of  the  oxalic  and  carbonic  acids 

1  Monats.  Chem.,  18,  138. 

*  Nef:  Ann.  Chem.  (Liebig),  336,  296-300. 

'Evans:  This  Journal,  36,  118-119. 
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Dbtained  as  end-products  must  come  from  the  oxidation  of 
the  dissociation -products  of  this  aldehyde  acid, 

o=CH— CO— cooH     ^     o=CH— cooH  +  \:o. 

Lactic  acid,  ii.i  grams  of  87.1  per  cent  acid,  in  50  cc.  water, 
was  added  to  a  solution  of  57  grams  of  potassium  perman- 
ganate and  54.6  grams  (9  mols.)  potassium  hydroxide  in  i.i 
liters  water.  Reduction  to  manganese  dioxide  took  place  at 
3nce  in  the  cold,  and  after  two  days'  standing  the  mixture 
was  heated  for  two  hours  in  a  bath  kept  at  60°.  The  amount 
of  carbon  dioxide  formed  was  not  determined,  but  12.6  grams 
of  crystallized  oxalic  acid,  which  is  94  per  cent  of  the  amount 
demanded  by  theory,  were  obtained  in  the  usual  manner. 

Finally,  the  following  volumetric  data  obtained  with  lactic 
acid  and  alkaline  permanganate  are  of  interest: 

I.  0.1507  gram  lactic  acid  and  1.25  grams  sodium  hydroxide, 
an  25  cc.  water,  required  a  total  of  268.80  cc.  N/io  KMn04 
on  titrating  first  in  the  cold  and  then,  finally,  at  60°.  On 
jiaddition  of  an  excess  of  sulphuric  acid  a  total  of  36.06  cc. 
i'N/5  oxalic  acid  was  found  necessary  for  the  removal  of  the 
imanganese  dioxide.  Hence  4.84  atoms  oxygen  were  used  up 
iin  the  first  stage  of  the  oxidation  process. 
!  11.  0.1765  gram  lactic  acid,  3  grams  dry  sodium  carbonate 
|and  25  cc.  water  required  a  total  of  308.09  cc.  N/io  KMn04 
'for  complete  oxidation  at  65°,  i.  e.,  4.87  atoms  oxygen  (theory 
5  atoms).  On  addition  of  sulphuric  acid  in  excess  a  total  of 
38.01  cc.  N/5  oxalic  acid  was  found  necessary  to  remove  the 
manganese  dioxide. 

j  Pyruvic  Acid,  Permanganate,  Etc. — The  correctness  of  the 
conclusion  that  pyruvic  acid  is  the  intermediate  product  in 
the  oxidation  of  acetone,  acetol,  pyruvic  aldehyde  and  lactic 
acid  in  alkaline  solution  by  permanganate  is  shown  by  the 
fact  that  it  is  converted  under  similar  conditions,  almost 
quantitatively,  into  molecular  amounts  of  carbon  dioxide 
and  oxalic  acid.  The  pyruvic  acid  used  was  freshly  prepared 
and  a  known  weight  was  then  at  once  dissolved  in  water  and 
used  for  various  experiments.  Two  grams  of  this  acid,  in  25 
cc.  water,  were  added  in  the  cold  to  454.8  cc.  of  a  solution 
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containing  7.186  grams  potassium  permanganate  and  2.8 
grams  potassium  hydroxide.  The  mixture  was  heated,  after 
one  and  a  half  hours'  standing,  for  forty-five  minutes  in  a 
bath  at  55°-6o°.  The  amount  of  carbon  dioxide  formed 
was  not  determined,  but  2.3  grams  of  crystalUzed  oxalic  acid, 
melting  point  103  °,  which  is  82  per  cent  of  the  amount  demanded 
by  theory,  were  obtained. 

The  following  volumetric  experiments  show  that  pyruvic 
acid,  when  titrated  with  permanganate  in  an  aqueous  solu- 
tion containing  an  excess  of  sodium  hydroxide  or  carbonate, 
uses  up  only  3.49  to  3.56  atoms  of  oxygen,  instead  of  4 
atoms,  as  demanded  by  theory,  for  eac)i  molecule  of  pyruvic 
acid  taken.  This  is  the  result  even  where  especial  precau- 
tions are  taken  to  prevent  any  condensation  of  the  pyruvic 
acid  at  every  stage  of  the  operation. 

I.  0.1982  gram  substance,  5  grams  dry  sodium  carbonate 
and  300  cc.  water  required  a  total  of  262.14  cc.  N/io  KMnO^ 
(at  60°).  On  acidifying  with  sulphuric  acid,  etc.,  a  total  of 
32.27  cc.  N/5  oxalic  acid  was  necessary  for  the  removal  of 
the  manganese  dioxide. 

-^'  7;II.  0.2846  gram  substance,  3.1  grams  potassium  hy- 
drate and  300  cc.  water  required  a  total  of  384.15  cc.  N/io 
KMn04  (at  60°).  On  acidifying  with  sulphuric  acid,  etc., 
a  total  of  47.82  cc.  N/5  oxalic  acid  was  found  necessary  to  re- 
move the  manganese  dioxide. 

Mesoxalic  Acid,  Permanganate,  Etc. — The  experiments  of 
Baeyer^  show  that  alkaline  solutions  containing  mesoxalic 
acid  are  transformed  by  permanganate  into  carbonic  and 
oxalic  acids.  I  have  confirmed  these  observations  with  a 
preparation  of  pure  mesoxalic  acid,  melting  at  121°,  and  made 
according  to  the  directions  of  Curtiss.^  On  titration  in  alka- 
line solution  with  N/io  potassium  permanganate,  finally  at 
60°,  it  was  found  that  exactly  one  atom  of  oxygen  is  taken  up 
for  every  molecule  of  acid  used.  Furthermore,  titration  of 
the  acidified  solution  in  the  usual  manner  shows  that  exactly 
one  molecule  of  oxalic  acid  must  have  been  formed  in  the  re- 
action, as  is  evident  from  the  following  data: 

»  Ann.  Chem.  (Liebtg).  131,  298. 
•  This  Journal,  85, 478. 
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I.  0.1999  gram  substance,  25  cc.  water  and  25  cc.  of  a  10 
per  cent  solution  of  sodium  carbonate  required  a  total  of  48.7 
cc.  N/  ioKMn04.  On  adding  sulphuric  acid,  etc.,  a  further  addi- 
tion of  9.09  cc.  N/io  KMn04  was  required  to  remove  the  oxalic 
acid  still  present. 

II.  0.1 715  gram  substance,  20  cc.  water  and  20  cc.  of  a  30 
per  cent  solution  of  sodium  carbonate  required  a  total  of 
41.63  cc.  N/io  KMn04.  On  adding  sulphuric  acid,  etc.,  a 
further  addition  of  8.35  cc.  N/io  KMn04  was  required  to  oxid- 
ize the  oxalic  acid  still  present. 

III.  On  the  Behavior  of  Acetol  and  Pyruvic  Aldehyde  towards 
Various  Oxidizing  Agents.^ 

Acetol,  Silver  Oxide,  Etc. — Acetol,  when  treated  with  silver 
oxide  alone  or  in  the  presence  of  potassium  hydroxide,  is  con- 
verted quantitatively  into  equimolecular  amounts  of  acetic 
and  formic  acid.  This  shows  that  only  those  molecules  of 
acetol  which  are  dissociated  according  to 

CH3COCH2OH     *^     CH3CHO  +  >CHOH 
and 

CH3C0H  =  CH0H      ^      CH3(0H)C<  +  >CHOH 

are  oxidized.  Special  experiments  with  aqueous  formic  acid 
and  silver  oxide  prove  that  no  trace  of  carbon  dioxide  is  formed 
on  long  standing  in  the  cold. 

Five  grams  acetol  in  20  cc.  water  were  added  slowly  and 
with  continual  cooling  to  a  mixture  containing  8.2  grams  (3 
mols.)  sodium  hydroxide,  about  500  cc.  water  and  3  mole- 
cules of  freshly  precipitated  and  well-washed  silver  oxide 
(from  71  grams  silver  nitrate).  Reduction  to  silver  took 
place  almost  instantaneously  and  after  six  hours'  standing 
the  mixture  was  worked  up  as  usual.  Twenty-seven  grams 
of  silver  were  obtained,  but  no  trace  of  carbon  dioxide  or  of 
lactic  acid  could  be  detected.  Fifty  cc.  of  the  aqueous  dis- 
tillate (total  volume,  2  liters)  required  27.75  cc.  N/io  per- 
manganate for  oxidation;  hence  the  amount  of  formic  acid 
present  was  2.6  grams.  One  himdred  cc.  of  the  distillate 
required   6.23   cc.    normal   sodium   hydroxide   for   neutraliza- 

'  Nef:  Ann.  Chem.  (Liebig),  835,  269.     Kling:  Ann.  Chim.  Phys.   [8],  6,  529.   ;^ 
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tion.  Therefore,  the  amount  of  acetic  acid  formed  in  the  oxi- 
dation was  3.8  grams. 

In  a  second  experiment,  in  which  6  grams  of  acetol,  4  mole- 
cules of  freshly  precipitated  and  well  washed  silver  oxide 
(from  no  grams  silver  nitrate)  and  about  500  cc.  water  (but 
no  caustic  alkali)  were  used,  the  mixture  stood  at  ordinary- 
temperature  for  two  weeks.  No  trace  of  carbon  dioxide 
was  observed.  On  decomposing  the  silver  salts  with  hydro- 
gen sulphide,  etc.,  the  aqueous  distillate,  free  from  hydrogen 
sulphide  and  acetol,  was  found  by  the  customary  methods 
to  contain  1.7  grams  formic  and  2.4  grams  acetic  acid. 

Acetol,  Mercuric  Oxide,  Etc. — In  marked  contrast  to  these 
results  with  silver  oxide  are  the  corresponding  experiments 
with  acetol  and  oxide  of  mercury.  Ati  aqueous  solution  of 
acetol,  when  mixed  with  an  emulsion  containing  freshly  pre- 
cipitated and  very  carefully  washed  oxide  of  mercury,  remains 
unchanged  even  after  standing  for  weeks  at  ordinary  tempera- 
tures (cf.  corresponding  experiments  of  Nef  and  of  Kling, 
loc.  cit.) ;  and  no  action  takes  place  even  on  prolonged  heating 
in  a  bath  kept  between  100°  and  120°.  As  soon,  however, 
as  a  caustic  alkali  is  added,  reduction  to  mercury  takes  place 
at  once  in  the  cold,  but  the  chief  product  then  formed  is  racemic- 
lactic  acid,  besides  small  quantities  of  formic  and  acetic  acid. 
No  trace  of  carbon  dioxide  could  be  detected,  although  this 
was  looked  for  with  special  care  in  two  different  experiments. 

Ten  and  eight-tenths  grams  of  acetol,  in  50  cc.  water,  were 
added  slowly  to  a  mixture  containing  1.25  molecules  of  oxide 
of  mercury  (from  49.9  grams  mercuric  chloride),  8.8  grams 
sodium  hydroxide,  and  about  i  liter  of  water.  Immediate 
reduction  to  mercury  took  place,  and  after  standing  for  four 
hours,  filtering,  etc.,  10.4  grams  of  crystallized  zinc  lactate, 
corresponding  to  6.365  grams  lactic  acid,  were  obtained.  The 
aqueous  distillate  contained  unchanged  acetol,  but  required 
in  all  only  0.9  gram  sodium  hydroxide  for  neutralization. 
Consequently,  only  a  small  amount  of  fatty  acids  could  be  pres- 
ent. The  zinc  lactate  obtained  gave  the  following  analytical 
results : 
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I.  4.6288  grams  air-dry  salt  lost,  on  drying  for  seven  hours, 
at  100°,  0.8414  gram  HjO. 

II.  0.5990    gram    anhydrous  salt  gave,  on  ignition,  0.2002 


gram  ZnO. 

Calculated  for 
(C3H603)2Zn.3H20. 

Found. 

H2O 
Zn 

18.16 
26.89 

18.17 
26.88 

A  second  experiment,  in  which  6  grams  acetol,  3  molecules 
of  mercuric  oxide,  and  9.7  grams  of  sodium  hydroxide  were 
used,  and  the  mixture  was  allowed  to  stand  overnight,  gave 
6.5  grams  of  zinc  lactate.  One  hundred  and  fifty  cc.  of  the 
aqueous  distillate  (total  volume,  3  liters)  required  17.35  cc. 
N/20  sodium  hydroxide  for  neutralization.  Hence  only 
0.693  gram  of  sodium  hydrate  are  required  for  the  total  dis- 
tillate. Another  150  cc.  of  the  distillate  took  18.74  cc. 
N/io  permanganate  for  oxidation,  from  which  the  total 
amount  of  formic  acid  present  is  calculated  as  0.8  gram, 
corresponding  to  0.693  gram  sodium  hydroxide.  It  is  very 
probable,  however,  that  a  portion  of  the  very  small  amount 
of  volatile  acid  present  consisted  of  acetic  acid,  and  that  the 
results  of  the  titration  with  permanganate  were  high  because 
of  the  presence  of  a  small  amount  of  neutral  oxidizable  ma- 
terial. 

The  behavior  of  acetol  towards  alkaline  solutions  contain- 
ing suspended  oxide  of  mercury,  which  is  so  surprisingly  differ- 
ent from  the  results  obtained  when  silver  oxide  is  used  in  its 
stead,  shows  that  in  this  instance  only  an  oxidation  of  the 
acetol  molecules  which  are  dissociated  according  to 

CH3COCH2OH     ^     CH3C0CH<  -h  H2O 
and 

CH3C0H=CH0H     ^    CH3C(0H)=C<  -f  H2O 

takes  place;  and  that,  therefore,  pyruvic  aldehyde  must  be 
the  primary  oxidation  product,  which  then  at  once  undergoes 
the  benzoic  acid  rearrangement,  giving  racemic- lactic  acid. 

On  further  consideration,  this  marked  difference  in  the  be- 
havior of  acetol  in  the  two  cases  is  not  so  surprising,  for  oxide 
of  mercury  does  not  react  with  acet-  or  formaldehyde  in  the 
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absence  of  alkalies,  whereas  with  silver  oxide  a  rapid  oxida- 
tion, with  deposition  of  silver,  takes  place,  even  in  very  dilute 
aqueous  solutions.  Furthermore,  the  oxides  of  silver  and 
mercury,  in  the  presence  of  alkaUes,  act  in  a  totally  different 
manner  towards  acetaldehyde.  One  other  point  in  the  re- 
sults with  acetol,  oxide  of  mercury  and  alkalies  deserves  special 
emphasis.  Evans  has  shown  that  the  transformation  of 
benzoylformaldehyde  into  racemic-mandelic  acid  by  caustic 
alkalies  is  entirely  prevented  by  the  presence  of  either  oxide 
of  silver  or  mercury.^  We  have,  therefore,  with  pyruvic  alde- 
hyde, a  case  where  the  speed  of  the  benzilic  acid  rearrange- 
ment, according  to 

CH3.CO.CHO     ^     CH3CH— 0  +  >C  =  0     «^ 

I  I 

CHoCH— O  +  H2O     e^     CH3CH— OH, 

\/  I 

CO  COOH 

is  so  rapid  that  no  oxidation  of  the  dissociated  products  of 
this  compound,  carbonic  oxide  and  acetaldehyde,  can  take 
place.  Entirely  similar  results  were  obtained  (see  below) 
with  1,2-diketobutyric  ether  and  alkalies  in  the  presence  of 
the  oxides  of  silver  or  mercury ;  and  since  Evans  has 
shown^  that  the  benzilic  acid  rearrangement  of  benzoyl- 
formaldehyde with  alkaline  hydroxides  takes  place  to  the 
extent  of  50  per  cent,  even  in  the  presence  of  potassium  per- 
manganate, it  is  exceedingly  probable  that  the  transforma- 
tion of  pyruvic  aldehyde,  as  well  as  of  mesoxaldehydic  acid, 
HCO.CO.COOH,  by  caustic  alkalies,  through  a  benzilic  acid 
rearrangement,  into  lactic  and  tartronic  acids  cannot  be  ap- 
preciably disturbed  when  permanganate  is  also  present.  I, 
therefore,  consider  it  in  the  highest  degree  probable  that  race- 
mic-lactic  and  tartronic  acids  are  the  intermediate  products 
formed  in  the  oxidation  of  acetone,  acetol,  etc.  with  per- 
manganate and  caustic  alkalies,  a  reaction  which  has  already 
been  discussed  at  some  length  in  the  first  part  of  this  paper. 

1  This  Journal,  36,  119. 
'  Loc.  ctt. 
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Pyruvic  Aldehyde  and  Its  Reactions. 

It  is  evident  from  the  work  of  Nef  and  Evans  that  pyruvic 
aldehyde  must  be  the  intermediate  product  in  the  conversion 
of  acetol  or  acetylcarbinol  into  racemic-lactic  acid.  This 
substance  has  since  been  obtained  in  small  quantity  in  the 
pol3aneric  form  by  Harries  and  Tiirk.^  It  may  now  be  pre- 
pared in  quantity  with  the  greatest  ease  from  acetol  and  cop- 
per acetate^  as  follows:  One  hundred  and  sixty-two  grams 
of  very  finely  powdered  copper  acetate  are  mixed  with  a  solu- 
tion containing  30  grams  of  acetol  and  220  cc.  water.  The 
mixture  is  shaken  frequently  and  allowed  to  stand  at  ordinary 
temperatures  for  three  to  four  weeks.  On  filtering  in  the 
cold  and  boiling  out  the  insoluble  residue  with  water,  contain- 
ing small  amounts  of  acetic  acid,  42  grams  of  insoluble  cuprous 
oxide  were  regularly  obtained.  Water  and  acetic  acid  are 
now  removed  as  much  as  possible  from  the  original  cold  aqueous 
filtrate  by  fractionation  at  1 1  mm.  pressure,  from  a  bath  kept 
between  35°  and  40°.  A  small  amount  of  methyl glyoxal 
is  carried  over  with  the  distillate  during  the  operation  and  is, 
therefore,  lost.  The  greenish,  semi-solid  mass  left  in  the  dis- 
tilling flask  gave,  on  thorough  extraction  with  ether,  18.7 
grams  of  a  mobile,  strong-smelling,  green  liquid,  which  is 
slightly  volatile  even  with  ether  vapor.  It  still  contains  much 
acetic  acid,  which  is  best  removed  by  dissolving  in  an  equal 
volume  of  water,  and  then  treating  with  small  amounts  of 
powdered  calcium  carbonate.  After  standing  for  twenty- 
four  hours,  the  water  is  distilled  off  at  reduced  pressure  as  be- 
fore and  the  residue  then  well  extracted  with  ether.  I  ob- 
tained thus,  in  one  experiment  from  30  grams  acetol  9.9 
grams  of  crude  polymeric  pyruvic  aldehyde,  which,  however, 
still  contained,  as  shown  by  titration  with  N/io  sodium  hy- 
droxide, 1 1  per  cent  of  acetic  acid.  This  product  was  an  ex- 
tremely viscous,  yellow  gum,  easily  soluble,  but  with  slight 
turbidity,  in  cold  water.  The  aqueous  as  well  as  the  ethereal 
solutions  are  colored  yellowish-green  and  possess  a  marked 
odor,  very  much  like  that  of  diacetyl  and  strikingly  like  that 

>  Ber.  d.  chem.  Ges.,  38.  1630. 

2  Nef:  Ann.  Chem.  (Liebig),  336,  279. 
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noticed  in  breweries.  In  a  second  experiment  with  16  grams 
acetol,  I  obtained  5.4  grams  of  polymeric  methylglyoxal  as 
a  yellow,  brittle,  amorphous  solid,  quite  soluble  in  water 
and  neutral  to  litmus.  It  is  evident  from  the  recent  work  of 
Harries  and  Temme^  on  glyoxal,  that  monomolecular  methyl- 
glyoxal must  be  a  powerful-smelling,  yellowish-green  liquid, 
boiling  at  about  70°  at  ordinary  pressure,  and  that  this  sub- 
stance can  probably  now  be  obtained  in  large  amounts  by  the 
depolymerization  of  polymeric  pyruvic  aldehyde  by  means 
of  phosphorus  pentoxide.  I  have,  as  yet,  carried  out  no  ex- 
periments with  this  end  in  view,  but  have  simply  been  con- 
tent to  prove  that  my  polymeric  pyruvic  aldehyde  gives,  in 
aqueous  solution,  all  the  reactions  of  the  monomolecular 
product. 

Thus,  0.4  gram  in  5  cc.  water  gave,  on  treatment  in  the  cold 
with  2  grams  phenylhydrazine  dissolved  in  2  cc.  50  per  cent 
acetic  acid,  1.3  grams  of  crude  diphenylhydrazone  melting 
at  136°,  or,  after  one  crystalUzation  from  benzene,  at  144°. 
Another  portion,  0,9  gram,  of  polymeric  methylglyoxal  in  10 
cc.  water  gave,  on  treatment  with  semicarbazide  (from  3.4 
grams  of  the  hydrochloride,  potassium  acetate,  etc.),  1.3 
grams  of  the  disemicarbazone,  described  by  Harries  and  Tiirk, 
in  the  form  of  white,  microscopic  crystals  melting  at  258° 
and  soluble  in  about  1,000  parts  of  boiling  water.    . 

An  aqueous  solution  of  polymeric  methylglyoxal  is  neutral 
to  litmus,  but  reduces  Fehling's  solution  in  the  cold.  On 
heating  to  100°  (or  even  to  65°,  see  below  under  diketobutyric 
ether),  a  slow  and  incomplete  transformation  into  lactic 
acid  takes  place.  Thus  I  obtained  0.3  gram  crystallized 
zinc  lactate  from  0.9  gram  of  gum  after  heating  forty- two 
hours  at  100°  with  10  cc.  water. 

Another  portion  of  gum,  0.89  gram  in  10  cc.  water,  gave> 
on  treatment  with  an  aqueous  solution  containing  4  mole- 
cules of  potassium  hydroxide,  and  after  standing  for  2  days 
in  the  cold,  0.95  gram  crystallized  zinc  lactate. 

A  preliminary  quantitative  experiment,  with  2.7  grams 
polymeric    methylglyoxal,    much    water,    6.4    grams    sodium 

1  Ber.  d.  chem.  Ges.,  40,  167. 
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hydroxide  and  3  molecules  of  freshly  precipitated  oxide  of 
silver,  gave  9.1  grams  silver,  0.46  gram  carbon  dioxide 
and  0.5  gram  zinc  lactate. 

A  second  experiment,  with  4.27  grams  gum,  water,  9.3  grams 
sodium  hydroxide  and  2.5  molecules  silver  oxide,  gave  13.8 
grams  silver,  0.83  gram  carbon  dioxide  and  0.95  gram  zinc 
lactate.  And,  finally,  a  third  experiment,  with  1.98  grams 
gum,  200  cc.  water,  4.4  grams  sodium  hydroxide  and  2  mole- 
cules of  mercuric  oxide,  gave  0.24  gram  carbon  dioxide  and 
1.3  grams  zinc  lactate.  These  experiments  show  conclusively 
that  the  benzilic  acid  rearrangement  in  the  case  of  methyl- 
glyoxal  is  practically  not  affected  by  the  presence  of  oxide 
of  mercury  or  silver,  results  which  are  in  harmony  with  those 
obtained  with  acetol,  alkali  and  oxide  of  mercury  described 
above. 

Pyruvic  Acid,  Silver  Oxide,  Etc. — Beilstein  has  shown^  that 
aqueous  solutions  containing  pyruvic  acid  are  converted  by 
means  of  silver  oxide,  quantitatively,  at  100°,  into  carbon 
dioxide  and  acetate  of  silver,  I  have  found  that  this  trans-* 
formation  takes  place  smoothly  in  the  cold,  even  in  the  pres- 
ence of  an  excess  of  sodium  hydroxide.  A  quantitative  ex- 
periment, carried  out  with  4  grams  pyruvic  acid,  200  cc. 
water,  7.2  grams  sodium  hydroxide,  and  2  molecules  of  silver 
oxide  (from  31  grams  silver  nitrate),  gave,  after  standing 
for  two  days  in  the  cold,  8.5  grams  silver,  1.75  grams  carbon 
dioxide,  and  2  grams  of  acetic  acid. 

Similarly,  an  experiment  with  4  grams  pyruvic  acid,  about 
250  cc.  water,  and  2.5  molecules  of  silver  oxide  (from  37  grams 
silver  nitrate)  gave,  after  standing  for  twenty-four  hours  at 
ordinary  temperatures,  9.2  grams  silver  and  2.3  grams  acetic 
acid,  besides  much  carbon  dioxide  which  was  not  accurately 
determined. 

On  the  Preparation  and  Properties  of  Mesoxalic  Acid. — By 
far  the  best  method  for  preparing  mesoxalic  acid  in  quantity 
is  the  one  recently  described  by  Curtiss^  from  malonic  ether 
and  nitrous  acid.     I  obtained  with  ease,  by  this  method,  a 

1  Ber.  d.  chem.  Ges.,  17,  841. 
'  This  Journal,  35,  480. 
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yield  of  65  per  cent  of  the  theory  of  the  crystallized  acid  melt- 
ing at  115°.  It  generally  contains  small  amounts  of  oxalic 
acid,  from  which  it  may  be  freed  by  crystallization  from 
ether,  or  from  a  mixture  of  ether  and  benzene.  The  pure 
dihydroxymalonic  acid  was  found  to  melt  at  121°.  The  pres- 
ence of  oxalic  acid  can  easily  be  detected  and  the  amount  of 
this  impurity  present  determined  quantitatively  by  titration 
jn  alkaline  solution  with  N/io  permanganate  (see  above). 

The  following  experiment  shows  that  mesoxalic  acid,  when 
heated  in  conceiitrated  aqueous  solution  to  100°,  is  slowlv 
and  quantitatively  transformed,  with  evolution  of  carbon 
dioxide,  into  glyoxylic  acid — a  reaction  which  is  perfectly 
analogous  to  the  conversion  of  malonic  acid  into  acetic  acid 
by  heat. 

Four  grams  of  mesoxalic  acid,  containing,  as  determined 
by  titration,  2  per  cent  of  oxalic  acid,  were  heated  with  80 
cc.  water  under  a  reflux  condenser  for  forty  hours,  in  a  bath 
kept  at  iio°-ii5°. 

On  distilling  off  the  water  under  diminished  pressure,  3.04 
grams  of  a  pale-yellow,  sticky  solid,  melting  from  95°  to  105°, 
remained  behind.  This  substance  was  quite  soluble  in  water, 
ether,  ethyl  acetate  and  acetone,  but  insoluble  in  benzene 
and  in  ligroin.  It  consisted  mainly  of  glyoxylic  acid,  for,  on 
treatment  in  aqueous  solution  with  4.8  grams  phenylhydra- 
zine  and  5  cc.  50  per  cent  acetic  acid,  5.2  grams  of  crude,  insolu- 
ble phenylhydrazones,  melting  at  136°,  were  obtained.  These 
were  dissolved  in  sodium  carbonate,  reprecipitated  by  acetic 
acid,  and  then  freed  from  0.5  gram  insoluble  and  colorless 
phenylhydrazine  oxalate  by  crystallization  from  70  per  cent 
alcohol.  Three  and  two-tenths  grams  of  the  phenylhydra- 
zone  of  glyoxylic  acid  were  thus  obtained  in  yellow  needles 
melting  at  144°. 

0.2019  gram  substance  gave  31. i  cc.  N  at  22°.5  and  751 
mm. 

0.130 1  gram  substance  gave  0.2756  gram  CO2  and  0.0617 
gram  HjO. 
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Calculated  for 

CsHsN^Os. 

Found. 

c 

H 

58.54 
4.88 

57.77 
5.27 

N 

17.07 

17.22 

In  a  second  experiment,  in  which  1.3 1  grams  dihydroxy- 
malonic  acid  and  20  cc,  water  were  heated  for  forty-nine  hours 
at  100°,  the  amount  of  carbon  dioxide  evolved  was  deter- 
mined quantitatively  as  0.4  gram  (98  per  cent  of  the  theory), 
by  absorption  in  barium  hydroxide. 

It  is  well  known  that  alkaline  solutions  of  mesoxalic  acid 
are  slowly  converted  at  higher  temperatures  into  oxalic  acid. 
Since  mesoxalic  acid,  as  shown  by  its  behavior  towards  alka- 
line permanganate,  etc.,  must  be  dissociated  according  to 

C0(C00H)2    ^     >C0  +  (C00H)2, 

it  should  be  possible  to  convert  this  substance,  by  means  of 
caustic  alkalies,  quantitatively  into  molecular  quantities  of 
formic  and  oxalic  acid.  This  is  the  case,  but  it  was  found 
that  prolonged  heating  of  mesoxalic  acid,  even  with  concen- 
trated solutions  of  potassium  hydroxide,  at  100°,  causes  very 
little  change.  It  is  necessary  to  raise  the  temperature  to  150°, 
when  a  very  rapid  transformation  in  the  direction  indicated 
takes  place.  A  mixture  of  5  grams  of  98  per  cent  dihydroxy- 
malonic  acid,  20  grams  of  potassium  hydroxide,  and  20  cc. 
water  was  heated  in  an  oil  bath  kept  at  150°  for  six  hours. 
On  working  up  in  the  usual  manner,  by  treatment  with  hy- 
drogen chloride,  etc.,  4.2  grams  crystallized  oxalic  acid,  melt- 
ing at  100°,  or  after  loss  of  water  of  crystallization  at  184°, 
and  0.906  gram  formic  acid  were  obtained. 

On  the  Preparation  and  Reactions  of  i ,2-Diketohutyric  Ether, 
CH3.CO.CO.COOC2H5.— The  a,/?-  or  1,2-diketobutyric  ether 
has  recently  been  prepared  by  Bouveault^  from  acetoacetic 
ether,  dissolved  in  acetic  anhydride,  by  means  of  nitrous  acid. 
The  yield  is  poor  because  of  the  simultaneous  formation  of 
large  amounts  of  acetylisonitrosoacetoacetic  ether. 

I  have  found  that  the  best  method  for  preparing  the  first- 
named   substance   in   quantity  is  to   treat   crude   isonitroso- 

1  Bull.  Soc.  Chim.  [3],  33,  475-481. 
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acetoacetic  ether,  dissolved  in  ether,  with  dry  nitrous  acid, 
as  obtained  by  the  action  of  concentrated  nitric  acid  on  arse- 
nious  oxide.  Ninety  grams  of  acetoaceticether  were  mixed  with 
60  grams  of  powdered  sodium  nitrate ;  a  cold  solution  containing 
38  grams  of  sulphuric  acid  and  225  cc.  water  was  slowly  added 
to  this  mixture,  which  was  well  cooled  by  means  of  ice  and 
salt.  After  standing  for  two  hours,  200  cc.  water  and  ether, 
in  all  600  cc,  were  added.  After  drawing  off  the  ether  and 
drying  with  calcium  chloride,  the  ethereal  solution  of  iso- 
nitrosoacetoacetic  ether  thus  obtained  was  treated  with  a 
rapid  stream  of  nitrous  acid  at  10°,  for  three  hours.  The 
mixture  was  now  allowed  to  stand  for  two  days  and  was  then 
fractionated,  finally  under  diminished  pressure.  Sixty-nine 
and  three-tenths  grams  crude  diketobutyric  ether,  boiling 
from  7o°-85°  under  18  mm.  pressure,  were  thus  obtained. 
The  mobile,  yellow  oil  was  freed  from  acetic  and  nitric  acids 
by  dissolving  in  an  equal  weight  of  water,  shaking  in  the  cold 
with  excess  of  powdered  calcium  carbonate,  extracting  15 
times  with  ether  and  drying  the  ethereal  extract  thus  obtained 
with  fused  calcium  chloride.  Forty-six  and  one-half  grams 
of  pure  1, 2 -diketobutyric  ether,  boiling  from  76°-82°  at  18- 
22  mm.  pressure,  were  thus  regularly  obtained  from  90  grams 
of  acetoacetic  ether.  This  substance  has  all  the  properties 
ascribed  to  it  by  Bouveault.  It  gives  a  well  crystallized  hydrate. 
Phenylhydrazine  acetate  converts  it  quantitatively  in  the  cold 
into  the  yellow  monophenylhydrazone  melting  at  io2°-io3°. 
Aniline  acetate,  similarly,  gives  very  smoothly  the  colorless 
dianilide  melting  at  117°.  I  have  found  that  the  substance 
does  not  reduce  Fehling's  solution.  It  should,  as  a  1,2-di- 
carbonyl  compound,  undergo  a  benzilic  acid  rearrangement. 
Such  is  in  fact  the  case,  for  even  very  dilute  solutions  of  sodium 
carbonate,  as  well  as  hydroxide,  convert  diketobutyric  ether 
very  rapidly  and  quantitatively  in  the  cold  into  methyltar- 
tronic  or  isomalic  acid. 

Five  grams  of  the  monohydrate  of  diketobutyric  ether, 
in  10  cc.  water,  were  added  to  a  cold  solution  of  5.4  grams  (4 
mols.)  sodium  hydroxide  in  300  cc.  water.  The  solution  turned 
bright  yellow  at  once  and,  after  standing  for  two  days,  a  sUght 
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excess  of  hydrogen  chloride  was  added,  and  the  water  was 
then  removed  by  distillation  at  18  mm.  pressure.  On  ex- 
tracting the  salt  residue  with  ether,  4.2  grams  of  practically 
pure  isomalic  acid^  were  obtained  at  once  in  colorless  crys- 
tals, melting  at  142° 

I.  0.2751  gram  substance  gave  0.3640  gram  COj  and  0.1158 
gram  HjO. 

II,  0.2732  gram  substance  gave  0.3568  gram  COj  and  0.1127 
gram  HjO. 

Found. 
I.  II. 


Calculated  for 

C4H6O6. 

c 

35-82 

H 

4-47 

36.08  35.68 

467  4-55 

A  similar  experiment  with  5  grams  diketobutyric  ether 
hydrate,  300  cc.  water,  and  15  grams  (4  mols.)  dry  sodium 
carbonate  gave,  after  standing  for  three  days  in  the  cold, 
acidifying,  etc.,  3.7  grams  of  a  sticky  sohd  melting  at  96°. 
This  consisted  of  a  mixture  of  methyltartronic  acid  and  the 
ester  acid,  for,  on  digestion  with  water  and  an  excess  of  pow- 
dered calcium  carbonate,  no  trace  of  calcium  oxalate  could  be 
detected.  The  aqueous  filtrate,  after  concentration  and  cool- 
ing, gave  4.07  grams  calcium  methyltartronate  in  the  form  of 
white,  opaque,  not  well  defined,  crystals,  difficultly  soluble  in 
cold  water. 

1.056  grams  air-dry  salt  lost  0.0948  gram  HjO  when  dried 
over  sulphuric  acid  in  vacuo,  and  0.098  gram  more  HgO  when 
dried  at  ioo°-iio°. 

0.6570  gram  anhydrous  salt  gave,  on  ignition,  0.2056  gram 
CaO. 


Calculated  for 
COsHiCa.aHaO. 

Found. 

H20 

17.22 

16.36 

Ca 

23.02 

22.37 

I  have  found  that  concentrated  aqueous  solutions  of  methyl- 
tartronic acid  may  be  heated  for  days,  at  65°,  without  de- 
composition; if,  however,  the  solutions  are  heated  in  a  bath 
kept  at  100°  a  rapid  and  quantitative  transformation  of  iso- 
malic acid  into  carbon  dioxide  and  racemic-lactic  acid  takes 

>  Schmoger:  J.  prakt.  Chem.  [2],  14,  18;  19,  168;  24,  38. 
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place — a  change  which  has  hitherto  only  been  noticed  wii 
the  solid  substance  at  temperatures  above  140°. 

Thus,  2  grams  isomalic  acid  and  3  cc.  water,  heated  under 
reflux  condenser  for  twenty-seven  hours,  at  100°,  gave  0.5^ 
gram  carbon  dioxide,  from  2.6  grams  barium  carbonate,  and 
1.9  grams  crystallized  zinc  lactate. 

Diketobutyric  Ether  and  Water. — A  solution  of  10  grams 
diketobutyric  ether  in  10  cc.  water  loses  carbon  dioxide  very 
slowly  when  heated  in  a  bath  kept  between  63°  and  65°. 
The  amount  of  carbon  dioxide  given  off  during  seventy-four 
hours'  heating  was  determined  quantitatively  as  2.4  grams, 
from  10.95  grams  barium  carbonate.  The  aqueous  solution 
was  now  made  up  to  25  cc.  and  the  presence  of  pyruvic  alde- 
hyde, lactic  and  oxalic  acids  was  established  as  follows:  Three- 
fifths  of  the  solution,  treated  in  the  cold  with  10  grams  phenyl- 
hydrazine  dissolved  in  10  cc.  50  per  cent  acetic  acid,  gave 
2.5  grams  of  a  yellow  precipitate.  This,  when  digested  with 
benzene,  gave  0.42  gram  insoluble  phenylhydrazine  oxalate, 
crystallizing  in  colorless  plates  from  30  per  cent  alcohol.  The 
benzene  filtrate  gave,  on  concentration,  0.9  gram  of  methyl- 
glyoxaldiphenylhydrazone  melting  at  144°.  The  remaining 
10  cc.  of  the  aqueous  solution  gave,  when  digested  with  pow- 
dered basic  zinc  carbonate,  2.4  grams  of  zinc  lactate  crystals. 
Methyltartronic  acid  was  not  found  to  be  present  and,  since 
experiments  with  this  acid  mentioned  above  show  that  it 
remains  unchanged  when  heated  for  days  in  aqueous  solu- 
tion at  65°,  it  is  certain  that  the  large  amount  of  racemic- 
lactic  acid  obtained  in  the  experiment  under  consideration 
owes  its  origin  to  a  benzilic  acid  rearrangement  of  the  pyruvic 
aldehyde,  which  is  formed  from  diketobutyric  ether  by  hy- 
drolysis and  subsequent  loss  of  carbon  dioxide, 

CH3.CO.CO.COOC2H5  +  H2O     s-^ 

CH3.CO.CO.COOH    +    C2H5OH        3S-^ 

CH3COCHO  +  CO2  +  C2H5OH  +  H2O. 

The  following  analytical  results  were  obtained  with  the 
various  products  isolated  in  the  experiment: 

1. 1758  grams  air-dry  zinc  lactate,  dried  seven  hours  at  100°, 
lost  0.2137  gram  HjO. 
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0.5681  gram  anhydrous  salt  gave,  on  ignition,  0.1907  gram 
ZnO. 

Calculated  for 
Zn(C3H503)2.3H20.  Found. 

HjO  18.16  18.18 

Zn  26.89  26.92 

0.1763  gram  diphenylhydrazone  gave  0.4624  gram  COj 
and  0.1064  gram  HjO. 

0.1545  gram  diphenylhydrazone  gave  29.8  cc.  N  at  20° 
and  751  mm.  pressure. 

Calculated  for 

C15H16N4.  Found. 

C  71-43  71-54 

H  6.35  6.34 

N  22.22  21.82 

A  large  amount,  over  2  grams,  of  lactic  acid  was  also  ob- 
tained from  9.6  grams  diketobutyric  ether  by  heating  for 
three  and  a  half  hours  with  30  cc.  10  per  cent  sulphuric  acid 
in  a  bath  kept  at  130°,  and  subsequently  extracting  10  times 
with  ether,  etc. 

In  an  experiment  in  which  5  grams  diketobutyric  etjjer 
and  22  cc.  absolute  alcohol  were  heated  in  a  sealed  tube  at 
100°,  for  thirty- two  hours,  the  substance  was  recovered  entirely 
unchanged. 

Diketobutyric  Ether,  Silver  Oxide,  Etc. — It  was  now  of  in- 
terest to  determine  whether  silver  or  mercuric  oxide  inter- 
feres with  the  conversion  of  diketobutyric  ether  by  caustic 
alkalies  into  methyltartronic  acid  by  a  benziUc  acid  rearrange- 
ment. Thus,  Evans  has  found  ^  that  benzoylformaldehyde, 
which  gives  racemic-mandelic  acid  quantitatively  with  dilute 
sodium  hydroxide,  gives  no  trace  of  this  acid  when  silver  or 
mercuric  oxide  is  also  present.  The  preliminary  experiments 
with  the  analogous,  but  polymerized,  crude  acetylformalde- 
hyde,  and  the  quantitative  experiment  with  pure  acetol, 
oxide  of  mercury  and  sodium  hydroxide,  which  are  described 
above,  prove  that  in  this  case  there  is  practically  no  inter- 
ference with  the  transformation  of  methylglyoxal  into  race- 
mic-lactic  acid  when  either  oxide  of  mercury  or  silver  is  also 
present.     This  striking  difference  in  the  result  can  only  be 

^  This  Joxtrnal,  86,  118. 


592  Denis. 

explained  by  the  aid  of  the  assumption  that  in  the  latter  case 
the  speed  of  the  benzilic  acid  rearrangement  is  far  greater — 
a  conclusion  which  is  also  justified  by  the  fact  that  pyruvic 
aldehyde  gives  lactic  acid  in  aqueous  solution  at  65°,  whereas 
benzoylformaldehyde  remains  entirely  unchanged  under  simi- 
lar treatment. 

Corresponding  experiments  with  1,2-diketobutyric  ether  and 
caustic  alkalies  in  the  presence  of  oxide  of  silver  or  mercury 
now  show  that  here,  too,  there  is  practically  no  interference  with 
the  conversion  into  isomalic  acid.  In  this  case,  however, 
another  reaction  is  also  observed  to  take  place  simultaneously 
and  is,  in  fact,  the  predominant  one,  especially  if  silver  oxide 
without  alkali  be  used. 

When  diketobutyric  ether  is  treated  in  the  cold  with  water 
and  well  washed  silver  oxide,  molecular  amounts  of  acetic 
and  oxalic  acids  are  obtained.  This  reaction  can  only  be  ex- 
plained by  the  assumption  that  dissociated  molecules  of  1,2- 
diketobutyric  ether  hydrate, 

CH3C(0H)  — CO-COOC2H,     ^ 

CH3COOH  +  HCO.COOC2H5, 
or 

CH3— CO— C(OH)2COOC2H5     ^ 

CH3CHO  +  COOH.COOCzHg,, 
are  also  present  in  addition  to  those  produced  according  to 
CH3CO.CO.COOC2H5     ^    CH3.CO.COOC2H5  +  >C=0, 

which  account  for  the  benzilic  acid  rearrangement. 

Now,  it  has  long  been  known  that  dibenzil,  which  also  under- 
goes the  benzilic  acid  rearrangement  with  caustic  alkalies, 
is  split  by  aqueous  solutions  of  sodium  carbonate  or  potas- 
sium cyanide^  into  molecular  quantities  of  benzoic  aldehyde 
and  benzoic  acid — a  reaction  which  is  perfectly  analogous 
to  the  one  under  consideration. 

Five  grams  of  diketobutyric  ether  in  50  cc.  water  were 
slowly  added  to  3.5  molecules  of  freshly  precipitated  and  well 
washed  silver  oxide,  suspended  in  about  200  cc.  water.     Re- 

1  Michael  and  Palmer:  This  Journal,  7, 191.  Jourdan:  Ber.d.  chem.  Ges.,  16,658.. 
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duction  to  silver  took  place  at  once  in  the  cold,  and  after  two 
days'  standing,  during  which  time  no  evolution  of  carbon 
dioxide  was  noticed,  the  silver  salts  present  were  decomposed 
by  hydrogen  sulphide.  The  amount  of  silver  present  was 
then  determined  as  7.2  grams  by  dissolving  the  insoluble 
sulphide  in  40  per  cent  cyanide  of  potash  solution.  The 
aqueous  filtrate,  freed  from  hydrogen  sulphide,  was  worked 
up  as  usual  by  distillation  at  reduced  pressure.  The  oxalic 
acid  was,  therefore,  left  in  the  non- volatile  portion,  whereas 
the  aqueous  distillate  which  did  not  reduce  alkaline  perman- 
ganate, and  was  made  up  to  a  volume  of  half  a  liter,  contained 
acetic  acid  only.  Fifty  cc.  of  this  distillate  required  34.7 
cc.  N/io  potassium  hydroxide  for  neutralization,  hence  2.08 
grams  of  acetic  acid  were  present.  Three  and  four-tenths 
grams  of  crystallized  oxalic  acid,  melting  at  98°,  were  ob- 
tained from  the  non- volatile  residue  by  means  of  ether.  This, 
when  digested  with  water  and  powdered  calcium  carbonate 
and  subsequently  with  10  per  cent  acetic  acid,  gave  4  grams 
insoluble  calcium  oxalate. 

A  second  experiment  was  carried  out  in  which  5  grams  of 
diketobutyric  ether,  in  50  cc.  water,  were  slowly  added, 
with  thorough  cooling,  to  a  mixture  containing  about  200 
grams  water,  7  grams  (5  mols.)  sodium  hydroxide,  and  1.25 
molecules  silver  oxide  (from  14.3  grams  silver  nitrate).  Re- 
duction to  silver  took  place  with  marked  evolution  of  heat. 
After  standing  for  two  days  and  working  up  quantitatively, 
as  usual,  0.22  gram  carbon  dioxide  (from  0.95  gram  barium 
carbonate)  and  4.03  grams  of  non- volatile  crystalline  acids 
were  obtained.  The  latter  product  was  resolved  by  diges- 
tion with  powdered  calcium  carbonate,  etc.  into  3.24  grams 
calcium  isomalate  and  1.9  grams  calcium  oxalate.  The 
amount  of  potassium  hydroxide  required  for  neutralizing 
the  total  aqueous  distillate  (volume,  500  cc.)  was  determined 
as  0.857  gram,  and  50  cc.  of  the  distillate  required  19.9  cc. 
N/io  permanganate  for  oxidation.  This  shows  that  small 
amounts  of  formic  as  well  as  of  acetic  acid  must  be  present. 

A  special  experiment  with  methyl  tartronic  acid,  dilute 
sodium   hydroxide    and   freshly  precipitated   oxide   of   silver 
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proved  that  on  standing  for  twenty-four  hours,  at  ordinary 
temperatures,  no  trace  of  metallic  silver  is  formed,  the  iso- 
malic  acid  being  furthermore  recovered  entirely  unchanged. 
Diketobutyric  ether,  in  aqueous  alcoholic  solution,  has  not 
the  slightest  action  on  freshly  precipitated  and  well  washed 
oxide  of  mercury,  even  on  standing  for  days  in  the  cold. 
When,  however,  5  grams  of  diketobutyric  ether  in  50  cc. 
water  were  added  to  a  mixture  containing  1.25  molecules 
of  oxide  of  mercury,  150  cc.  water  and  3.4  grams  (2.5  mols.) 
sodium  hydroxide,  a  slight  reduction  to  mercury  was  noticed 
at  once  in  the  cold.  After  standing  for  two  days,  filtering, 
etc.,  4.3  grams  of  crystalline  acids  were  obtained  by  extract- 
ing the  salt  residue  with  ether.  These  gave,  on  digestion 
with  powdered  calcium  carbonate,  etc.,  2.4  grams  of  calcium 
isomalate  and  2.3  grams  of  calcium  oxalate.  A  portion  of 
the  calcium  methyltartronate  obtained  was  converted  by 
means  of  oxalic  acid  into  free  isomalic  acid,  melting  at  140°. 
In  conclusion,  the  writer  wishes  to  acknowledge  her  sense  of 
appreciation  for  the  continual  help  and  encouragement  given 
by  Dr.  Nef  throughout  the  course  of  this  work. 
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CXUX.  —  RESEARCHES    ON    PYRIMIDINES:    SYN- 
THESIS   OF    CYTOSINE-5-CARBOXYI.IC    ACID. 

(twenty-sixth  papkr.) 

By  Henry  L.  Wheeler  and  Carl  O.  Johns. 

The  present  work  was  undertaken  with  the  object  of  making 
a  study  of  some  material  to  be  used  for  further  syntheses,  and 
also  in  order  to  examine  the  properties  of  cytosine-5-carboxylic 
acid  and  some  of  its  derivatives.  The  acid  has  now  been  pre- 
pared by  means  of  the  following  reactions:  In  a  previous 
paper'  we  showed  that  ethoxymethylenmalonic  ester, 

C2H50CH  =  C(COAH5)2, 
in   alkaline   solution,   condenses   normally  with   ethylpseudo- 
thiourea,     HjN — C(SC2H5)=NH,     giving    2-ethylmercapto-5- 

»  This  Journal,  87,  392  (1907). 
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carbethoxy-6-oxypyrimidine  (I.).  We  now  find  that  this 
cyclo  amide  reacts  smoothly  with  phosphorus  oxychloride, 
yielding  an  oil  which  is  the  imide  chloride,  2-ethylmercapto- 
5-carbethoxy-6-chlorpyrimidine  (II.).  The  transformation  of 
this  into  2-ethylmercapto-5-carbethoxy-6-aminopyrimidine 
(III.),  on  standing  with  alcoholic  ammonia  at  ordinary  tem- 
perature, is  also  a  perfectly  smooth  reaction.  The  imide 
chloride,  therefore,  in  this  case,  is  far  more  reactive  than  2-ethyl- 
mercapto-6-chlorpyrimidine.  The  latter  does  not  react  on 
standing  overnight  with  alcoholic  ammonia,  but  it  does  react 
in  a  short  time  at  120°. 

When  the  mercaptoamino  ester  (III.)  is  heated  with  alcoholic 
ammonia  the  mercapto  group  is  the  first  to  be  removed  (at 
about  170°)  and  2,6-diamino-5-carbethoxypyrimidine  (IV.) 
results. 

When  the  mercaptoamino  ester  (III.)  is  carefully  warmed 
with  dilute  alcoholic  potassium  hydroxide  it  is  readily  saponi- 
fied and  a  potassium  salt  of  2-ethylmercapto-5-carboxyl-6- 
amino-pyrimidine  (V.)  is  formed.  If  the  treatment  with 
potassium  hydroxide  is  more  energetic,  mercaptan  is  also  re- 
moved and  the  potassium  salt  of  cytosine-5-carboxylic  acid 
is  obtained  (VI.). 

The  moderate  action  of  strong  hydrochloric  acid  on  2-ethyl- 
mercapto-5-carbethoxy-6-aminopyrimidine  (III.)  first  removes 
ethylmercaptan,  giving  5-carbethoxycytosine  (VII.),  which 
with  aqueous  ammonia  at  150°  is  partially  converted  into  cy- 
tosine-5-carboxamide  (VIII.). 

Longer  boiling  with  hydrochloric  acid  saponifies  the  ester 
(III.),  both  mercaptan  and  alcohol  separate,  and  cytosine-5- 
carboxylic  acid  (VI.)  results.  The  synthesis  of  the  acid  and 
the  transformations  of  the  new  pyrimidines  can  be  illustrated 
by  the  formulas  on  page  596. 

The  action  of  acids  on  cytosine-5-carboxylic  acid  (VI.) 
developed  the  interesting  fact  that  the  presence  of  the  carboxyl 
radical  in  the  5-position  rendered  the  amino  group  apparently 
more  easily  subject  to  hydrolysis  than  in  the  case  of  unsub- 
stituted  cytosine.  It  was  found  also  that  the  6-amino  group 
was  removed  before  the   carboxyl    radical    when    cytosine-5- 
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rboxylic  acid  was  boiled  with  20  per  cent  sulphuric  acid, 
e  chief  product  obtained  being  uracil- 5 -carboxylic  acid  (IX.), 
tiile  only  a  small  amount  of  c)rtosine  was  formed.  Unless 
oups  attached  to  cytosin-5-carboxylic  acid  would  alter  the 
urse  of  hydrolysis,  these  results  exclude  the  possibility  that 
tosin  exists  in  the  nucleic  acids  in  the  form  of  a  5-carboxyl 
rivative,  or,  in  other  words,  it  is  not  a  grouping  of  this  sort 
lich  is  the  source  of  cytosine. 

Further  action  of   acids,  either  at  a  high  temperature,  or 
more  prolonged  boiling,  strips  all  of  the  groups  from  the 
lOve  compounds,  leaving  uracil  (X.)  as  the  last  pyrimidine 
be  obtained. 

EXPERIMENTAIv  PART. 

2-Ethylmercapto-5-carbethoxy-6-chlor pyrimidine, 
N CCl 

I  I 

H5SC  CCOjCjH,.— Thirteen  grams  of  2-ethyl-mercapto- 

II  II 
N CH 

:arbethoxy-6-oxypyrimidine  were  boiled  for  two  and  a  half 

>urs  with  40  cc.  of  phosphorus  oxychloride.     The  phosphorus 

ychloride  was  then  removed  by  evaporation  at  100°  under 

tninished   pressure.     This   left   a   syrup   which   was   treated 

th  cracked  ice  and  the  resulting  oil,  which  did  not  solidify, 

is  extracted  with  ether  and   dried  over  calcium  chloride. 

boiled  at  203  °  at  20  mm.  pressure.     The  yield  of  oil  is  almost 

antitative  and  the  crude  product  is  pure  enough  to  use  for 

e  following  preparations  without   distilling.     Nitrogen   de- 

-minations  in  the  case  of  the  distilled  product  gave: 

N 

2-Ethylmercapto-3-carbethoxy-6-aminopyrimidine, 
N C— NH„ 

I  I 

isSC  CCOjCjH^. — Fourteen  grams  of  2-ethylmercapto- 

II  II 
N CH 

arbethoxy-6-chlorpyrimidine  were  added  to  a  cold  saturated 


Calculated  for 
CoHiiOoNsSCl. 

I. 

Found. 

II. 

11-35 

11.33 

11.31 
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solution  of  alcoholic  ammonia  in  a  bottle.  A  reaction  set  u 
almost  at  once  and  a  mass  of  crystals  separated.  The  bottli 
was  kept  cool  by  means  of  ice- water.  The  material  wa 
allowed  to  stand  overnight  and  then  the  alcohol  and  ammonii 
were  evaporated  and  the  residue  treated  with  water.  The  yiel( 
was  90  per  cent  of  the  calculated.  The  resulting  produc 
melted  to  an  oil  in  hot  water  but  did  not  dissolve.  It  dis 
solved  readily  in  hydrochloric  acid.  It  was  easily  soluble  i 
hot  and  moderately  soluble  in  cold  alcohol  from  which  solvec 
it  crystallized  in  rectangular  plates  melting  at  102  °.    Analysis 

Calculated  for  Found. 

C9H13O2N3S.  I.  II. 

N  18.50  18.41  18.42 

When  this  substance  was  boiled  with  strong  hydrochloric  ad 
for  about  one  hour,  the  solution  evaporated  to  dryness  and  th 
residue  dissolved  in  sodium  hydroxide  and  precipitated  wit 
acetic   acid,   cytosine-5-carboxylic   acid   was   obtained. 

N=C— NH, 

II 
2,6-Diamino-5-carhethoxypyrimidine,  HjN — C  CCO^C^H 

II  11 

N CH 

— This  was  obtained  by  heating  the  above  2-ethylmercapto-i'; 
carbethoxy-6-aminopyrimidine  with  a  saturated  solution 
alcoholic  ammonia  at  168  °- 178°  for  one  and  a  half  hoiu 
When  the  tube  became  cool,  a  solid  separated.  The  mated 
was  difficultly  soluble  in  cold  alcohol  and  water  and  it  crysta 
lized  from  alcohol  in  the  form  of  needles  melting  to  a  cle 
oil  at  205°-207°.     Analysis: 

Calculated  for  Found. 

C7Hio02N4.  I.  II. 

N  30.76  30.62  30-76 

This  substance  is  soluble  in  hydrochloric  acid  from  which  sol 
tion  it  is  reprecipitated  by  ammonia.  The  material  which  1 
mained  in  the  alcoholic  mother-liquor  from  the  above  w 
found  to  be  unaltered  mercapto-derivative.  Under  the  co 
ditions  of  the  experiment  it  appears  that  the  carbethoxy  grew 
was  not  attacked. 
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2-Ethylmercapto-ycarboxyl-6-aininopyrimidine, 

N C— NH, 

I  I 

(H.SC  CCOOH  . — When   2-ethylmercapto-s-carbethoxy- 

i         II  II 

!        N CH 

'-aminopyrimidine  in  alcoholic  solution  was  treated  with  an 

qual  weight  of  potassium  hydroxide  in  a  small  amount   of 

^ater  it  was  readily  saponified.     On  evaporating  to  dryness 

he  resulting  residue  dissolved  easily  in  water.     When   this 

olution  was  made  acid  with  acetic  acid  a  white  crystalline 

ubstance  slowly  separated.     This  was  slightly  soluble  in  hot 

mter  and  difficultly  soluble  in  hot  alcohol,  from  which  it  crys- 

allized  in  microscopic  prisms.     It  decomposed  with  efferves- 

ence  at  230°.     It  was  very  soluble  in  ammonia  and  also  in 

n  excess  of  hydrochloric  acid.     Analysis : 

Calculated  for  Found. 

C7H9O2N3S.  I.  II. 

N  21.10  2095  21.04 

During  the  above  hydrolysis  there  was  a  decided  odor  of  es- 
aping  mercaptan.  In  order  to  determine  whether  mercaptan 
ould  be  conveniently  split  off  by  means  of  potassium  hydrox- 
de,  another  portion  of  2-ethylmercapto-5-carbethoxy-6-amino- 
►yrimidine  was  heated  a  little  longer  on  the  steam-bath  with 
omewhat  more  than  2  molecular  proportions  of  potassium  hy- 
Iroxide.  On  acidifying  the  residue,  a  substance  was  obtained 
^hich  did  not  contain  sulphur  and  agreed  in  properties  with 
:ytosine-5-carboxylic  acid.  (Analysis  III.  below.) 
N C— NH, 

I  I 
Cytosine-5-carhoxylic  Acid,OC          CCOOH . — This  amino  acid 

II  II 
HN CH 

vas  first  prepared  by  evaporating  the  above  mercaptoamino 
Lcid  with  concentrated  hydrochloric  acid  on  the  steam-bath. 
Vfter  evaporating  once  with  a  moderate  amount  of  acid,  the 
esidue  was  taken  up  in  water  and  evaporated  again  to  remove 
lydrochloric  acid.  It  was  found  that  the  acid  was  almost  in- 
soluble in  hot  water,  alcohol  and  acetic  acid.     The  specimen 
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used  for  analysis  was  purified  by  dissolving  in  ammonia  and 
precipitating  with  acetic  acid.  It  came  down  in  a  very  finely 
divided  state  and  was  hard  to  filter.  It  decomposed  with 
effervescence  at  256°-257°.     Analysis: 

Calculated  for  Found. 

C5H6O3NS.  I.  II.  III. 

N  27.09  27.07         27.07         26.80 

To  prepare  this  acid  it  is  not  necessary  to  isolate  the  2-ethyl 
mercapto-5-carboxyl-6-aminopyrimidine.  The  easiest  way  is 
to  start  with  2-ethylmercapto-5-carbethoxy-6-aminopyrimidine 
and  evaporate  this  once  with  an  equal  weight  of  potassium  hy- 
droxide in  dilute  alcohol.  Concentrated  hydrochloric  acid  is 
then  added  to  the  residue  and  the  evaporation  carried  on  again 
to  dryness.  The  mixture  is  taken  up  in  water,  to  remove 
potassium  chloride,  and,  on  filtering  and  washing  with  water, 
the  acid  is  obtained  in  an  almost  pure  condition.  The  aqueous 
solution  of  cytosine-5-carboxylic  acid  does  not  give  a  precip- 
itate with  barium  chloride,  picric  acid  or  lead  acetate.  It  gives 
but  a  slight  turbidity  with  silver  nitrate. 

Action  of  Twenty  Per  Cent  Stdphuric  Acid:  Formation 
of  Uracil- 5-carhoxylic  Acid.  —  One  gram  of  cytosine-5-car- 
boxylic  acid  was  boiled  on  a  return  condenser  for  20  hours 
with  40  cc,  of  sulphuric  acid.  A  solid  separated  on  cooling. 
It  weighed  0.5  gram.  This  was  crystallized  from  water  and 
came  down  in  clusters  of  pointed,  microscopic  prisms  which 
decomposed  at  277°.  They  were  indentified  as  uracil- 5 -car- 
boxylic  acid.  Analysis:  0.3133  gram  substance  lost  0.0329 
gram  water  at  120°- 130°. 


Calculated  for 
C6H4O4N2.H2O. 

Found. 

H,0 

10.34 

10.50 

N 

17.94 

18.22 

A  duplicate  experiment  performed  as  above  gave  0.45  gram 
of  uracil- 5 -carboxylic  acid,  which  separated  from  the  solution. 
After  filtering  from  this,  the  sulphuric  acid  was  removed  and 
the  solution  concentrated  to  10  cc,  then  precipitated  with 
picric  acid.  This  gave  0.17  gram  picrate,  crystalUzing  in 
needles,  equal  to  0.06  gram  cytosin. 
Formation  of  Uracil. — One  half  gram  of  cytosine-5-carbox- 
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ylic  acid  was  heated  with  5  cc.  of  20  per  cent  sulphuric  acid  at 
i62°-i67°  for  2  hours.  On  opening  the  sealed  tube,  consid- 
erable pressure  was  noticed  and  a  deposit  which  had  the  ap- 
pearance of  uracil  had  separated.  This  was  recrystallized 
from  water  and  identified  as  uracil.        Analysis: 

Calculated  for 
C4H40oN2.  Found. 

N  25.00  24.97 

Action  of  Concentrated  Hydrochloric  Acid:  Formation  of 
Uracil. — One  gram  of  cytosine-5-carboxylic  acid  was  boiled 
with  50  cc.  of  concentrated  hydrochloric  acid,  using  a  return 
condenser,  for  22  hours.  The  acid  was  then  evaporated  and 
the  residue  was  treated  with  boiling  water.  A  small  portion 
was  insoluble  in  hot  water.  This  was  unaltered  cytosine-5- 
carboxylic  acid;  an  analysis  gave  26.80  per  cent  of  nitrogen 
while  the  calculated  is  27.09  per  cent. 

The  portion  which  was  soluble  in  water  crystallized  in  balls 
like  uracil.     Analysis  gave  24.90  per  cent  nitrogen. 

Cytosine-^-carboxylic  Acid  Hydrochloride  was  prepared  by 
crystallizing  some  of  the  acid  from  20  per  cent  hydrochloric 
acid.  It  formed  ragged  pointed  prisms  which  melted  at  275°- 
276°  and  it  contained  a  molecule  of  water  of  crystallization. 

Analysis : 

0.1327  gram  lost  0.0117  gram  of  water  at  i30°-i4o°. 

Calculated  for 
CsHsOgNg.HCl.HsO.  Found. 

H,0  8.59  8.82 

Calculated  for 

CsHgOaNs.HCl.  Found. 

N                                 21.93  21.71 

N C— NH, 

5-Carhethoxycytosine,    OC  CCO^C^Hg,     was    formed     by 

I  II 

HN CH 

evaporating    2-ethylmercapto-5-carbethoxy-6-aminopyrimidine 

with  concentrated  hydrochloric  acid  on  the  steam  bath.     The 

product   was  dissolved   in   hot  water  and   the   solution  after 

making  slightly  alkaline  with  ammonia  gave  needles  which 
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This 
ester  was  only  slightly  soluble  in  hot  alcohol.     Analysis: 

Calculated  for  Found. 

C7H9O3N8.  I.  II. 

N  22.95  22.97  23.00 

N C— NH, 

I  I 

Cytosine-ycarhoxamide,   OC  CCONHj,. — The   action    of 

I  II 

HN CH 

concentrated  aqueous  ammonia  on  the  above  ester  was  not  at 
all  smooth.  In  one  experiment  in  which  the  ester  was  heated 
with  concentrated  ammonia  for  2  hours  at  i40°-i5o°,  about 
25  per  cent  of  the  material  remained  unaltered  but  on  evapora- 
ting the  mother-Uquor  far  more  soluble  material  was  obtained. 
This  crystallized  in  tufts  of  hair-like  needles.  It  was  recrystal- 
lized  from  water.  (Analysis  I.)  On  heating,  no  definite  melt- 
ing or  decomposition  point  was  observed. 

Analyses  of  two  different  samples  gave  the  following  results 
which  show  that  the  expected  amide  had  been  obtained. 

Calculated  for  Found. 

C5H6O2N4.  I.  II. 

N  36.36  35.94  35.00 

New  Haven,  Conn., 
May,  1907. 


CIv.— RESEARCHES  ON  PYRIMIDINES:  SYNTHESIS  OF 
THYMINE-5'-CARB0XYLIC  ACID. 

[twenty- SEVENTH  PAPER.] 
By  Treat  B.  Johnson  and  Carl  Frank  Speh. 

The  possibilty  that  uracil,  cytosine  and  thymine  might 
be  linked  in  nucleic  acids  by  acid  amide  or  polypeptide  group- 
ings was  an  incentive  to  make  a  thorough  study  of  the  car- 
boxyl  derivatives  of  these  pyrimidines.  Descriptions  of 
uracil- 5 -carboxylic  acid,^  I.,  thymine-4-carboxylic  acid,^  IV., 
cytosine-5-carboxylic  acid, 3  III.,  and  uracil-4-carboxylic  acid,* 

1  Wheeler,  Johnson  and  Johns:  This  Journal,  37,  392. 

»  Johnson:  Jour.  Biolog.  Chem.,  3,  299. 

'  Wheeler  and  Johns:  This  Journal,  38,  594. 

<  Wheeler:  76id.,  38,  358. 
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II.,  have  already  been  pubUshed  in  papers  from  this  laboratory. 
NH— CO  NH— CO  N=z=CNH. 

'I  11  II 

CO       CCOOH,        CO        CH        .         io        6cOOh' 

'  "  I  II  I  II 

NH CH  NH CCOOH  NH CH 

^-                              n.  HI. 

NH CO  NH CO 

CO        CCH3     ,  CO      'cCH,COOH. 

I  II  I  II 

NH CCOOH  NH CH 

IV.  V. 

We  shall  describe  in  this  paper  the  preparation  and  proper- 
ties of  thymine-5'-carboxylic  acid,  V.  The  carbon  atom  in 
the  methyl  radical  of  thymine  is  designated  5'  in  order  to  avoid 
confusion  and  to  distinguish  from  position  7  in  the  purine 
molecule.     We  find  that  this  acid,  V., 

'N C^  IN C^ 

II,  II 

^C  5C— C5'  2Q  5C— N7   .  • 

II  I         I        >c« 

3N C4  3N C— N9  / 

4 

Pyrimidine.  Purine. 

can  be    heated  with  20  per  cent  sulphuric  acid  at   1 60°- 170° 

without  alteration.     Thymine,  therefore,  cannot  exist  in  nucleic 

acids  as  a  ^'-carhoxyl  compound. 

The  information  acquired  by  investigating  these  pyrimidine 

acids  has  advanced  decidedly  our  knowledge  of  the  structure 
of  the  nucleic  acid  molecule.  The  results  of  our  work  justify 
us  in  concluding  that  uracil  is  the  only  one  of  the  three  pyr- 
imidines — uracil,  cytosine  and  thymine — that  can  be  Unked 
in  nucleic  acids  by  an  acid  amide  grouping — CO.NH.  Uracil 
might  exist  as  a  5-carhoxyl  compound.  This  conclusion  is  sup- 
ported by  the  fact  that  uracil-5-carboxyUc  acid,^  I.,  is  quan- 
titatively converted  into  uracil  when  heated  with  20  per  cent 
sulphuric  acid  at  i6o°-i7o°.  Uracil-4-carboxylic  acid,^  II., 
and  thymine-4-carboxyUc  acid,^  IV.,  could  be  heated  under 
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the  same  conditions  without  alteration.  The  possibility  of 
cytosine  being  linked  as  a  5-carboxyl  compound  is  excluded, 
since  cytosine- 5 -carboxy lie  acid/  III.,  is  changed  to  uracil- 
5-carboxylic  acid  by  hydrolysis  with  dilute  sulphuric  acid. 

Every  a-derivative  of  ethyl  /?-oxyacrylate  (et  hylformyl- 
acetate)  that  we  have  examined  in  this  laboratory  has  con- 
densed with  a  pseudothiourea,  in  presence  of  alkali,  giving  a 
2-mercapto  pyrimidine,  viz. : 

1.  Ethyl  /?-oxyacrylate,^ 

HOCHiCH.COOCjHj. 

2.  Ethyl  ci:-methyl-/?-oxyacrylate,3 

HOCH:C(CH3)COOC2H5. 

3.  Ethyl  a-phthalimido-/?-oxyacrylate,^ 

.CO. 
HOCH :  C(N<         >C,H4)COOC2H5. 

\co/ 

4.  Ethyl  Q:-benzoylamino-/3-oxyacrylate,^ 

HOCH :  C(NHCOC6H5)COOC2H5. 

5.  Ethyl  Q:-phenyl-/3-oxyacrylate,^ 

HOCH :  C(CeH5)COOC2H5. 

6.  Ethyl  a-urethane-/?-oxyacrylate,' 

HOCH :  C(NHCOOC2H5)COOC2H5. 

7.  Ethyl  a-ethoxy-/?-oxyacrylate,^ 

HOCH :  C(OC2H5)COOC2H5. 

8.  Ethyl  Q:-ethyl-/?-oxyacrylate,^ 

HOCH :  C(C2H5)COOC2H5. 

9.  Ethyl  a-phenoxy-/?-oxyacrylate,'" 

HOCH :  C(OCeH5)COOC2Hs. 

*  Loc.  cit. 

2  Wheeler  and  Merriam:  This  Journal,  29,  478. 
'  Wheeler  and  Merriam:  Loc.  cit. 

*  Johnson  and  Clapp:  This  Journal,  32,  130. 
s  Johnson  and  Clapp:  Loc.  cit. 

«  Wheeler  and  Bristol:  This  Journal,  33,  448. 

7  Johnson:  Ibid.,  34,  191. 

8  Johnson  and  McCollum:  Jour.  Biolog.  Chem.,  1,  437.     This  Journal,  36,  149,. 

*  Johnson  and  Menge:  Jour.  Biolog.  Chem.,  2,  105. 
»»  Johnson  and  Heyl:  This  Journal,  37,  628. 
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We  now  find  that  the  sodium  salt  of  diethyl  formylsuccin- 
ate  condenses  in  a  smooth  manner  with  pseudoethylthio- 
urea,  giving  ethyl  2-ethylmercapto-6-oxypyrimidine-5-ace- 
tate,  VI.  The  condensation  is  represented  by  the  following 
equation : 

NHj  COOCjHj 

C2H5SC         +      CCHjCOOCaH,     = 

II  II 

NH       HOCH 

NH CO 

I  I 

H,0  +  CjH.OH  +  C2H5SC  CCHjCOOCjH^. 

II  II 

N CH 

VI. 

When  ethyl  2-ethylmercapto-6-oxypyrimidine-5-acetate,  VI., 
was  digested  with  concentrated  hydrochloric  acid,  or  with 
alcohol  and  hydrochloric  acid,  it  was  converted  quantitatively 
into  thymine- 5 '-carboxy lie  acid,  VIII.  Esterification  of  thymin©- 
5'-carboxylic  acid  with  ethyl  alcohol  and  sulphuric  acid  gave  thy- 
mine-5'-ethylcarboxylate,  IX.  2-Ethylmercapto-6-oxypyrimi- 
dine-5-acetic  acid ,  VII.,  was  obtained  when  ethyl  2-ethylmercap- 
to-6-oxypyrimidine-5-acetate,  VI.,  was  saponified  with  an  alco- 
holic solution  of  potassium  hydroxide.  When  this  mercapto 
acid  was  digested  with  hydrochloric  acid  it  was  converted 
into  thymine-5'-carboxylic  acid. 

Ethyl  2-ethylmercapto-6-oxypyrimidine-5-acetate,  VI.,  re- 
acts in  a  smooth  manner  with  phosphorus  oxychloride,  giving 
2-ethylmercapto-6-chlorpyrimidine-5-acetic  acid,  X.  When 
the  mercapto  ester,  VI.,  was  heated  with  ammonia  it  was  con- 
verted'into  2-ethylmercapto-6-oxypyrimidine-5-acetamide,  XL, 
and  2-amino-6-oxypyrimidine-5-acetamide,  XII.  These  differ- 
ent transformations  are  represented  by  the  formulas  on  the 
following  page. 

Thymine- 5 '-carboxy lie  acid  is  difficultly  soluble  in  water 
and  melts  at  about  the  same  temperature  as  thymine  (315°- 
320°).  It  crystallizes  from  water  in  anhydrous  condition. 
It  is  a  strong  acid  and  gives  an  insoluble,  crystalline  lead  salt, 
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when  lead  acetate  is  added  to  its  aqueous  solution.  It  was 
not  precipitated  by  phosphotungstic  acid.  Addition  of  barium 
chloride  to  aqueous  solutions  of  the  acid  produced  no  pre- 
cipitate. Potassio-bismuth  iodide  gave  a  yellow,  crystalline 
precipitate. 

EXPERIMENTAL   PART. 

Diethyl  Formylsuccinate,    CHO.CH.COOC2H5. — The  sodium 

i 
CH2.COOC2H6 

salt  of  this  ester  was  prepared  by  condensing  ethyl  formate 
with  diethyl  succinate  in  presence  of  metallic  sodium.  Eleven 
grams  of  sodium  wire  were  suspended  in  anhydrous  ether  and 
a  mixture  of  molecular  proportions  of  ethyl  formate  and  di- 
ethyl succinate  slowly  added.  There  was  an  immediate  re- 
action with  evolution  of  hydrogen  gas  and  the  ether  assumed 
a  red  color.  The  mixture  was  allowed  to  stand  for  ten  to 
twelve  hours  and  then  shaken  with  cold  water  to  dissolve  the 
sodium  salt  of  diethyl  formylsuccinate.  When  this  aqueous 
solution  was  acidified  with  hydrochloric  acid  the  free  ester 
separated  as  a  heavy  yellow  oil.  After  drying,  in  ether  solu- 
tion with  calcium  chloride  it  was  distilled  under  diminished 
pressure.  The  fraction  that  was  analyzed  boiled  at  158°- 
160°  under  20  mm.  pressure. 

I.  0.4614  gram  substance  gave  0.8994  gram  CO2  and  0.2816 
gram  H2O. 

II.  0.5762  gram  substance  gave  1.1107  grams  CO2  and  0.3573 
gram  H2O. 

Calculated  for  Found. 

C9H14O5.  I.  II. 

C  53-4  5316  52.58 

H  6.93  6.79  6.89 

Ethyl  2-Ethyl'mercapto- 6-oxypyrimidine- ^-acetate, 
NH CO 

I  I 

C,H,SC  C.CHjCOOCjHj.— One    hundred    and    sixty-five 

II  II 
N CH 

grams  of    diethyl  succinate  and   one  molecular  proportion  of 

ethyl  formate   were   condensed   in   presence   of  the   required 
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amount  of  metallic  sodium,  as  described  in  the  previous  ex- 
periment. The  sodium  salt  of  diethyl  formylsuccinate 
was  then  dissolved  in  cold  water  and  added  to  an  aqueous 
solution  of  109  grams  of  pseudoethylthiourea  hydrobromide. 
A  molecular  proportion  of  potassium  hydroxide  was  then 
added  and  the  mixture  allowed  to  stand  for  seven  to  eight 
hours  at  ordinary  temperature.  It  was  then  heated  on  the 
steam-bath  for  three  hours  and  cooled,  when  prismatic  crys- 
tals of  the  mercapto  pyrimidine  deposited.  When  the  alka- 
line solution  was  acidified  with  acetic  acid,  more  of  the  pyr- 
imidine separated.  The  compound  was  practically  insolu- 
ble in  cold  water,  but  dissolved  in  boiling  water  and  separated, 
on  cooling,  in  well  developed,  prismatic  crystals.  It  crys- 
talHzed  from  alcohol  in  slender  needles  melting  at  i46°-i47°, 
with  no  effervescence.  It  crystallized  from  water  without 
water  of  crystallization.  The  yield  of  crude  pyrimidine  was 
80  grams.     Analysis  (Kjeldahl) : 

Calculated  for  Found. 

CioHwOsNaS.  I.  II. 

N  11.57  II  60  11.55 

In  two  other  experiments  we  obtained  22  grams  and  38 
grams  of  the  mercapto  pyrimidine  from  63  grams  and  90  grams 
of  diethyl  succinate,  respectively. 

2-Ethylmercapto-  6-oxy pyrimidine- y acetic  A  cid, 
NH CO 

I  I 

CaH.SC  C.CH3COOH.— This  acid  was  prepared  by  saponi- 

II  II 
N CH 

fying  the  ethyl  ester  with  potassium  hydroxide.  Ten  grams 
of  the  ester  and  3  grams  of  potassium  hydroxide  were  digested 
in  alcohol  for  about  twelve  hours.  The  alkaline  solution  was 
then  evaporated  to  dryness  and  the  residue  obtained  dissolved 
in  warm  water.  This  solution  was  then  acidified  with  acetic 
acid,  when  about  i  gram  of  unaltered  ester,  melting  at  146°, 
separated.  After  evaporating  the  filtrate  to  dryness  and  dis- 
solving the  residue  again  in  a  little  water,  the  solution  was 
acidified  with  a  few  drops  of  dilute  hydrochloric  acid.     The 
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mercapto  acid  separated  at  once  and  crystallized  from  hot 
water  in  needles  and  square  plates  melting  at  184°,  with  evo- 
lution of  carbon  dioxide  and  ethylmercaptan.  When  di- 
gested with  hydrochloric  acid  it  was  converted  into  thymine- 
s'-carhoxylic  acid  (see  below).     Analysis  (Kjeldahl) : 

Calculated  for  Found. 

CgHioOaNsS.  I.  II. 

N  1308  12.9  12.85 

NH CO 

I  I 

The  Potassium  Salt,    C,H,SC  CCHjCOOK.— This    salt 

II  II 
N CH 

was  extremely  soluble  in  water  and  alcohol.  It  separated 
from  very  concentrated,  aqueous  solutions  in  long  needles. 
They  did  not  contain  water  of  crystallization.  Analysis 
(Kjeldahl) : 

Calculated  for 
C8H9O3N2SK.  Found. 

N  II. II  II. 31 

2-Ethylmercapto-6-chlorpyrimidine-y acetic  Acid 
N^=z=:CCl 

I  I 

CjHgSC  C.CH2COOH.— Ethyl  2-ethylmercapto-6-oxypyr- 

II  II 
N CH 

imidine-5-acetate  dissolves  at  once  in  cold  phosphorus  oxy- 
chloride,  with  no  evolution  of  heat.  Fifteen  grams  of  the 
pyrimidine  were  dissolved  in  50  cc.  of  phosphorus  oxychloride 
and  the  solution  boiled  gently  for  two  and  a  half  hours.  It  was 
then  allowed  to  stand  for  five  to  six  hours  and  poured  upon 
crushed  ice  to  destroy  the  excess  of  phosphorus  hahdes.  We 
obtained  a  dark  colored  solution,  which  was  extracted  several 
times  with  ether.  This  ether  solution  was  then  thoroughly 
washed  with  sodium  hydroxide  solution  and  the  alkaline  wash- 
ings saved.  When  they  were  neutralized  with  hydrochloric 
acid  the  chlorpyrimidine  separated  in  granular  crystals.  The 
5deld  was  8.5  grams.     The  pyrimidine  was  difficultly  soluble 
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in  water  and  very  soluble  in  alcohol.  It  crystallized  from 
alcohol  in  clusters  of  prismatic  crystals,  melting  at  132°,  to 
a  clear  oil.  When  heated  above  its  melting  point  it  decom- 
posed with  violent  effervescence.     Analysis  (Kjeldahl): 


Calculated  for 
CsHaOsNaSCl. 

I. 

Found. 

II. 

12.07 

II. 9 

12.02 

N 

Action  of  Alcoholic  Ammonia  on  Ethyl  2-Ethylmercapto-6' 
oxypyrimidine- 5-acetate. — Two  grams  of  the  pyrimidine  and 
25  cc.  of  alcoholic  ammonia  were  heated  for  two  hours  at  140°- 
150°.  When  the  tube  was  opened  there  was  no  pressure  but 
there  was  a  strong  odor  of  ethyl  mercaptan.  We  obtained  a 
deposit  of  crystalline  material,  which  was  very  soluble  in  hot 
water  and  separated,  on  cooling,  in  prismatic  crystals  associa- 
ted with  some  needles.  By  a  fractional  crystallization  from 
water  we  finally  separated  a  compound  which  melted  at  214°, 
with  slight  effervescence.  It  responded  to  a  test  for  sulphur 
and  a  nitrogen  determination  agreed  with  the  calculated 
value  in 

2-Ethylmercapto- 6-oxy pyrimidine- 5-acetamide, 
NH CO 

C2H5SC  CCH2CONH2.— 

II  II 

N CH 


Calculated  for 
CsHuOzNsS. 

Found. 

1975 

1958 

N 

In  a  second  experiment,  4  grams  of  the  mercapto  ester 
and  50  cc.  of  alcoholic  ammonia  were  heated  for  two  hours 
at  170°-!  80°.  When  the  tube  was  examined  there  was  no 
pressure  but  a  strong  odor  of  mercaptan,  and  small,  granular 
crystals  were  suspended  in  the  alcohol.  These  were  removed 
and  recrystallized  from  water.  On  cooling,  prismatic  crys- 
tals separated,  which  charred  at  26o°-266°  and  then  decom- 
posed at  about  280°,  with  violent  effervescence.  They  did 
not  respond  to  a  test  for  sulphur  and  a  nitrogen  determina- 
tion agreed  with  the  calculated  value  in 
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2- A  mino-  6-oxypyrimidine-5-acetamide , 

NH CO 

I  I 

NH,C  CCH3CONH2.— 


N CH 


Calculated  for 

QflsOaN*.  I. 


N  33-33  32.6  32.75 

NH CO 

I  I 

Thymine- 5''Carhoxylic  Acid,  CO        C .CH,COOH .—This  acid 

I  II 

NH CH 

was  obtained  when  ethyl  2-ethylmercapto-6-oxypyrimidine- 
5-acetate  was  digested  in  alcoholic  solution  with  hydrochloric 
acid.  Five  grams  of  the  mercapto  ester  were  dissolved  in  a 
mixture  of  20  cc.  of  alcohol  and  5  cc.  of  concentrated  hydro- 
chloric acid  and  the  solution  heated  on  the  steam-bath  for 
2.5  hours.  The  pyrimidine  separated  as  a  colorless,  crystal- 
line powder  that  was  practically  insoluble  in  alcohol.  A 
quantitative  yield  of  the  acid  was  also  obtained  when  ethyl 
2  -  ethylmercapto  -  6  -  oxypyrimidine  -  5  -  acetate  or  2-ethylmer- 
capto-6-oxypyrimidine-5-acetic  acid  was  digested  with  con- 
centrated hydrochloric  acid  (Analyses  IV.  and  V.).  Analysis 
(Kjeldahl) : 

Calculated  for  Found. 

CaHgO^Nz.  I.  II.  III.  IV.  v. 

N        16.47  16.28     16,12     16.28     16.5     16.5 

Thymine- 5 '-carboxy lie  acid  was  very  insoluble  in  cold  water 
but  crystallized  from  boiling  water  in  microscopic,  granular 
crystals,  which  generally  melted  at  3i5°-320°,  with  decompo- 
sition. It  did  not  contain  water  of  crystallization,  and  when 
mixed  with  thymine  the  melting-point  was  lowered  to  290°- 
300°.  Its  aqueous  solution  gave  a  strong  acid  reaction  when 
tested  with  blue  litmus.  It  was  precipitated  by  silver  nitrate 
and  mercuric  chloride  in  weak  ammoniacal  solutions.  The 
silver  salt  dissolved  in  excess  of  ammonia.  Copper  carbonate 
was  decomposed  by  the  acid,  giving  an  insoluble  copper  salt. 
Barium   chloride    does   not   precipitate    a   barium    salt   from 
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aqueous  solutions  of  the  acid.  The  acid  was  not  precipitated 
by  phosphotungstic  acid,  but  potassio-bismuth  iodide  gave  a 
yellow,  granular  precipitate. 

Solubility  in  Water  at  30°. — One  hundred  parts  water  dis- 
solved 

I.  II. 

o . 3566  part  acid  0.4038  part  acid 

NH CO 

I  I 

The  Potassium  Salt,    CO        CCH^COOK.iHzO.— This  salt 

I  II 

NH CH 

was  very  soluble  in  water  and  was  prepared  by  dissolving 
the  acid  in  water  containing  the  required  amount  of  potas- 
sium hydroxide.  It  crystallized  from  a  concentrated  aqueous 
solution  in  prismatic  crystals  containing  water  of  crystalliza- 
tion. The  water  was  determined  by  heating  for  one  and  a 
half  hours  at  105°-!  15°. 

0.8947  gram  substance  lost  0.0307  gram  HjO. 

Calculated  for 
CeHjOiNjK.JHjO.  Pound. 

H2O  4.1  3-45 

Nitrogen  determination  in  the  anhydrous  salt  (Kjeldahl) : 

Calculated  for  Found. 

CeH604N2K.  I.  II. 


N  13.45  13.58  1347 

jPb.iHjO  or  liH^O. 


The  Lead  Salt, 


NH CO 

I  I 

CO        CCH2CO2 

I      II 

NH CH 


This  was  a  very  characteristic  salt  and  separated,  at  once,  when 
lead  acetate  was  added  to  a  hot,  saturated,  aqueous  solution 
of  thymine-5'-carboxylic  acid.  It  was  more  insoluble  than 
the  acid  and  crystallized  from  boiling  water  in  rhombic  tables. 
It  contained  water  of  crystalUzation,  which  was  determined 
by  heating  for  two  hours  at  iio°-ii5°. 
0.3103  gram  salt  lost  0.0122  gram  H^O. 
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Calculated  for 
(C8H50«N2)aPb.H20.     (C6H504N2)2Pb.iiH20.  Pound. 

H,0  3.19  4.6  3,93 

Nitrogen  determination  in  the  anhydrous  salt  (Kjeldahl) : 

{Calculated  for 

(C6Hs04N3)2Pb.  Found. 

N  10.28  10.32 

Action  of  20  Per  Cent  Sulphuric  Acid  on  Thymine- 5' -car- 
boxylic  Acid. — One  gram  of  the  acid  was  heated  with  10  cc. 
of  sulphuric  acid  for  two  hours,  at  i50°-i6o°.  There  was  no 
pressure  when  the  tube  was  opened  and  the  acid  had  crys- 
tallized from  the  acid  solution  in  prismatic  crystals.  They 
melted  at  3i5°-32o°,  with  decomposition,  and  when  mixed 
with  thymine  the  decomposition  point  was  lowered  below 
300°.     Analysis  (Kjeldahl) : 

Calculated  for  Found. 

C6H6O4N2.  I.  II. 

N  16.47  16.5  16.6 

In  a  second  experiment,  3  grams  of  thymine-5'-carboxylic 
acid  were  heated  with  30  cc.  of  20  per  cent  sulphuric  acid  for 
ten  hours,  at  1 60°- 170°.  We  observed  practically  no  decom- 
position under  these  conditions  and  the  acid  was  recovered 
unaltered,  melting  at  3i5°-32o°.     Analysis  (Kjeldahl): 

Calculated  for 
C6H8O4NJ.  Found. 

N  16.47  16.35 

NH CO 

f  I 

Thymine- 5' -ethylcarhoxylate,  CO        CCHjCOOCjHj,  was  pre- 

NH CH 

pared  in  the  usual  manner  by  esterifying  the  acid  with  abso- 
lute alcohol  and  concentrated  sulphuric  acid.  It  crystallized 
from  boiling  alcohol  in  rectangular  plates  melting  at  204°- 
210°,  according  to  the  rate  of  heating.     Analysis  (Kjeldahl): 

Calculated  for  Found. 

CsHioOiN,.  I.  II. 

N  14.14  137  139 

New  Haven,  Conn., 
July  4,  1907. 


CI.I.— ON    SOME    DOUBLE    AND    TRIPLE    SALTS    OF 
CAESIUM   NITRITE  WITH  NITRITES  OF  SIL- 
VER,   THE    ALKALI    EARTHS,    AND 
LEAD. 

By  George  S.  Jamieson. 

The  object  of  this  work,  primarily,  was  to  investigate  the 
possible  triple  salts  of  caesium  and  silver  in  combination 
with  the  alkali  earth  metals  and  lead. 

Before  attempting  the  investigation  of  the  triple  salts,  a 
study  of  the  double  salts  was  made. 

Since  1886,  when  Th.  Rosenbladt^  described  the  caesium 
and  rubidium  cobaltic  nitrites,  no  one  has  attempted  to  make 
a  study  of  caesium  double  nitrites,  so  far  as  could  be  ascer- 
tained from  the  literature.  The  double  salts  to  be  described 
are  as  follows : 

CsAg(N0,)2, 

CsBa2(N02)5, 

Cs2Ba(N02),.H20, 

Cs2Ca(N02),.H20, 

CsSr(N02)3H20, 

CsPb(N02)3.H20. 

The  existence  of  two  caesium  barium  salts  is  interesting^,, 
since  barium  generally  shows  little  tendency  to  form  double 
salts. 

The  following  triple  salts  were  obtained : 

Cs3AgBa(N02)6.2H20, 
Cs3AgSr(N02)6.2H20, 
Cs3AgPb(N02)e-2H20, 
K3AgPb(N02)e.2H20. 

It  is  to  be  observed  that  all  of  these  triple  salts  are  analogous 
but  that  they  do  not  correspond  in  type  to  any  of  the  triple 
thiocyanates  previously  known,  which  have  been  prepared 
in  this  laboratory.  2  It  was  not  possible  to  isolate  a  calcium 
triple  salt  of  definite  composition. 

Many  attempts  were  made  to  get  a  silver  barium  nitrite 

»  Ber.  d.  chem.  Ges.,  19,  2531. 

*  See  H.  L.  Wells:  This  Joxtrxai..  18.  245  (1902) ;  80.  144,  1S4  (1905). 
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as  well  as  a  silver  strontium  nitrite,  but  without  success.  A 
barium  silver  nitrite  is  described  in  Dammer  2^,  806,  but  no 
references  are  given  and  none  could  be  found  in  the  litera- 
ture. It  was  observed  that  the  alkali  earth  nitrites  tended 
to  prevent  the  solution  of  silver  nitrite. 

EXPERIMENTAL   PART. 

Caesium  Nitrite. — One  hundred  and  fifty  grams  of  caesium 
chloride,  dissolved  in  about  200  cc.  of  hot  water,  were  added 
to  a  solution  which  contained  137.  i  grams  of  silver  nitrite. 
The  solution  was  thoroughly  agitated,  to  facilitate  the  pre- 
cipitation of  the  silver  chloride.  Then  the  solution  was  fil- 
tered and  the  filtrate  was  cautiously  evaporated  to  a  thick 
syrup.  It  is  very  essential  that  the  silver  nitrite  should  be 
in  solution  before  adding  the  caesium  chloride,  otherwise  the 
silver  chloride  formed  coats  over  the  nitrite  and  prevents 
further  reaction. 

Caesium  nitrite  was  obtained  in  a  crystalline  form,  from  a 
very  concentrated  solution.  It  has  a  pale-yellow  color  and 
is  anhydrous.  The  crystals  were  poorly  developed.  They 
were  glassy  in  appearance  and  had  a  high  index  of  refraction. 
The  larger  part  of  the  material  showed  no  distinct  crystalliza- 
tion, but  some  of  it,  imder  the  microscope,  looked  like  octa- 
hedrons. 

Caesium  Silver  Nitrite. — One  molecule  of  silver  nitrite 
(4.3  grams)  was  added  to  a  hot  solution  which  contained  10 
molecules  of  caesium  nitrite  (50  grams).  When  the  silver 
nitrite  had  dissolved,  the  solution  was  filtered  and  allowed 
to  stand  at  room  temperature  overnight.  It  deposited 
sheets  of  hemimorphic  needles,  which  were  of  a  bright  lemon- 
yellow  color.  The  crystals  were  filtered  by  suction  and 
pressed  upon  filter  paper  until  dry.  Cold  water  was  found 
to  decompose  these  crystals,  causing  them  to  become  opaque. 
Four  crops  of  this  salt  were  obtained  under  different  condi- 
tions. It  was  formed  until  the  concentration  of  the  silver 
nitrite  reached  4  molecules,  then  silver  nitrite  separated. 
The  various  crops  of  crystals,  by  analysis,  gave  the  following 
results : 
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Calculated  for 
CsAg(NOa),. 

I. 

Found. 
II. 

III. 

AgNO, 

CsNOj 

46.24 
53-76 

45-53 
54-23 

45-74 
54-13 

46.18 
53.82(Diff.) 

Caesium  Barium  Nitrite. — This  salt  was  only  obtained 
when  the  concentration  of  caesium  nitrite  varied  from  6-7 
molecules  to  10  molecules  of  barium  nitrite. 

Fifty  grams  of  barium  nitrite  (10  mols.)  and  23.4  grams  of 
caesium  nitrite  (6  mols.)  were  dissolved  in  about  50  cc.  water. 
The  solution  was  kept  at  0°  during  the  night.  Colorless, 
slender,  rectangular  prisms,  which  varied  in  length  from 
I  cm.  to  1.5  cm.,  were  obtained.  The  concentration  of  the 
caesium  nitrite  was  increased  to  7  molecules  and  another 
crop  of  the  salt  was  formed.  The  salt  is  soluble  in  water. 
The  following  analyses  were  made  of  the  two  crops: 


Calculated  for 
CsBa2(N02).. 

Found. 
I.                           II. 

BaCNOj)^ 
CsNO^ 

71.90 
28.10 

71.51                  71.84 
28.57                 28.01 

Caesium  Barium  Nitrite,  Cs2Ba(N02)4.H20. — Another  mole- 
cule of  caesium  nitrite  was  added  to  the  above  solution,  which 
was  again  cooled  to  zero.  Long,  silky,  colorless,  hair-like 
crystals  separated.  These  were  found  to  be  very  soluble  in 
water.  This  salt  was  obtained  from  a  wide  range  of  concen- 
trations, which  varied  from  8-30  molecules  of  caesium  nitrite 
to  10  of  barium  nitrite.     The  following  analyses  were  made: 


Calculated  for 
Cs2Ba(NOa)4.H,0. 

I. 

Found. 
II. 

III. 

CsNOj 

BaCNOj), 

H2O 

59.18 

37-86 

2.96 

59-19 
38.16 

59-82 

36.82 

3-14 

59-83 

Caesium  Silver-Barium  Nitrite. — ^This  salt  was  first  obtained 
from  a  very  concentrated  solution,  which  contained  40  grams 
of  caesium  nitrite,  60  grams  barium  nitrite,  and  15  grams  of 
silver  nitrite.  The  solution  was  warmed  upon  the  steam 
bath  until  the  silver  nitrite  was  dissolved.  The  light  orange- 
colored  solution  slowly  deposited  orange-yellow,  needle-like 
prisms.  In  order  to  get  another  crop  of  the  salt,  a  gram  of 
silver  nitrite  and  5  grams  of  caesium  nitrite  had  to  be  added 
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to  the  solution.  By  the  addition  of  small  quantities  of  silver 
and  caesium  nitrites,  the  triple  salt  was  repeatedly  obtained. 
Two  crops  of  crystals  gave,  upon  analysis: 


Calculated  for 
Cs»AgBa(N02)a.2H20. 

Found. 
I.                              II. 

AgNO^ 
Ba(N02)j 
CSNO2 
H2O 

16.10 

23-95 

56.17 

3-76 

15.42                   15.13 
25.54                  25.20 
56.00                  56.16 
3.18 

The  salt  is  decomposed  by  cold  water. 

Caesium  Calcium  Nitrite. — This  salt  was  obtained  from  a 
concentrated  solution  in  which  there  were  10  molecular  pro- 
portions of  calcium  nitrite  to  3  or  4  molecular  proportions  of 
caesium  nitrite.  It  crystallized  in  hard,  short,  colorless  prisms 
of  microscopical  size.  The  water  of  crystalUzation  was  driven 
off  only  at  a  rather  high  temperature.  Analyses  of  two  crops 
gave: 


Calculated  for                                     Found. 

CssCa(N0,)4.H,0.                    I. 

II. 

(fl)                (b) 

CSN02 

70.47          68.29     68.21 

70.82 

Ca(N03)2 

25.98            25.91 

25-77 

H2O 

3-54         

3-41  (Diff.) 

Caesium  Strontium  Nitrite. — The  salt  was  obtained  from  a 
concentrated  solution  which  contained  10  molecules  of  stron- 
tium nitrite  and  4  molecules  of  caesium  nitrite.  It  separated 
in  hemimorphic  sheets  of  needles.     It  gave,  upon  analysis: 


Calculated  fot 
CsSr(N02)».H20. 

Foimd. 

CsNO^ 

Sr(N0,)3 

H,0 

47-53 

47.66 

4.80 

47-41 
47.oi(Diff-) 

5-58 

Although  this  appears  to  be  a  perfectly  definite  compound, 
many  attempts  to  prepare  another  crop  of  it  have  failed. 

Caesium  Strontium-Silver  Nitrite. — This  salt  crystallized 
in  glistening,  lemon-yellow,  fiat  prisms,  from  a  concentrated 
solution,  which  contained  10  molecules  of  strontium  nitrite, 
5  molecules  of  caesium  nitrite,  and  all  the  silver  nitrite  that 
would    remain    dissolved    at    ordinary   temperature.     Several 
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crops  were  obtained  by  adding  silver  nitrite  to  the  filtrates. 
The  salt  is  partially  decomposed  by  water,  just  like  the  barium 
triple  salt.     The  analysis  gave : 


Calculated  for 

Found. 

Cs,AgSr(N02)6.2H20. 

I.                             II. 

CSN02 

59  23 

57-56             57-51 

AgNO^ 

16.99 

15-31                   15-58 

SrCNO^)^ 

19.81 

24.20                  23.85 

H,0 

3-97 

2.93(Diff.)    4.06 

Several  other  crops  of  crystals  were  obtained,  but  they 
contained  one  per  cent  less  of  silver  nitrite  and  a  correspond- 
ingly larger  amount  of  the  strontium  nitrite.  It  was  very 
difiicult  to  separate  the  crystals  from  the  syrupy  mother 
liquors  and  dry  them,  and  this  fact  doubtless  accounts  for  the 
variations  from  theory  in  the  analyses. 

Caesium  Lead  Nitrite. — Five  grams  of  caesium  nitrite  and 
5  grams  of  lead  acetate  were  dissolved  in  20  cc.  water  by  the 
aid  of  heat.  Upon  cooUng  the  solution,  bright,  orange-colored 
plates  separated.  This  salt  is  formed  immediately  upon 
mixing  the  constituents,  as  in  the  case  of  the  analogous  potas- 
sium lead  nitrite.^  The  salt  dissolved  in  cold  water  without 
decomposition,  but  when  the  solution  was  heated,  some  basic 
lead  salt  separated.     The  material,  upon  analysis,  gave : 


Calculated  for 

Found. 

CsPb(N02)3.H20. 

I.                           II. 

PbCNO^)^ 

60.50 

58.72                  59.18 

CsNOj 

35.85 

37-25             

H3O 

3.65 

4-03             

Caesium  Silver-Lead  Nitrite. — Three  grams  of  the  double 
caesium  lead  nitrite  were  dissolved  in  about  15  cc.  of  water, 
which  contained  5  grams  of  caesium  nitrite.  The  solution 
was  heated  and  a  gram  of  silver  nitrite  was  added.  When 
the  solution  became  cool,  a  crop  of  bright-yellow,  minute 
prisms  separated.  These  appeared,  under  the  microscope, 
to  be  rectangular.  The  crystals  were  filtered  and  some  more 
silver  nitrite  was  added  to  the  filtrate,  and  another  crop  of 
the  triple  salt  was  obtained.  The  two  crops  gave  the  follow- 
ing analyses : 

»  Fischer:  Pogg.  Ann.,  74,  105  (1848).     Lang:   Ibid.,  118,  282  (1863). 
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Calculated  for 
CssAgPb(N02)6.2H20. 

I. 

CSN02 

AgNO^ 

Pb(NO,), 

H,0 

52.34 
I5OI 
2915 

3  50 

51 -99 

15.48 

29.05 

3-48 

15  •  79 
29. 12 


Potassium  Silver-Lead  Nitrite. — Twenty  grams  of  lead- 
potassium  nitrite  were  dissolved  in  a  solution  which  con- 
tained 20  grams  of  potassium  nitrite.  Then  about  3  grams 
of  silver  nitrite  were  added  to  the  hot  solution.  The  solution 
deposited  radiating  bunches  of  yellow  needles.  These  were 
filtered  by  suction  and  pressed  dry  on  filter  paper.  The  ma- 
terial analyzed  as  follows : 


Calculated  for 

Found. 

K3AgPb(N02)e.2H20. 

I.                           II. 

KN02 

34-33 

35.36(Diff.) 

AgNOj 

20.68 

19.30             21.96 

PbCNOj)^ 

40.16 

40.44            40.45 

H,0 

4.83 

490             

My  thanks  are  due  to  Professor  H.  L.  Wells  for  his  valuable 
suggestions  and  for  the  use  of  the  caesium  material. 


Sheffield  Scientific  School, 

New  Haven,  Conn., 

June,  1907. 
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XII.— THE  HYDROLYSIS  OF  THE  SODIUM  SALTS  OF 
CASEIN. 

By  I<ucius  t..  Van  Slyke  and  Donald  D.  Van  Slyke. 

In  determining  the  amount  of  alkali  that  is  neutralized  by 
casein,  the  results  obtained  by  the  use  of  different  indicators 
do  not  agree.  Thus  more  alkali  is  required  with  litmus  than 
with  methyl  orange,  and  still  more  with  phenolphthalein. ^  The 
amount  of  alkaU  which  casein  neutralizes,  with  the  use  of 
phenolphthalein  as  indicator,  has  been  chosen  somewhat 
arbitrarily  as  representing  the  true  result.     It  was  on  the  basis 

>  Soldner:  Landw.  Vers.  Stat.,  35,  351  (1888).     Courant:  Arch.  Physiol.  (Pfliiger), 
80,  109  (1891).     Laqueur:  Beitr.  chem.  Physiol,  u.  Path.,  7,  273  (1905). 
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of  results  thus  obtained  that  Laqueur  and  Sackur*  made  their 
determination  of  the  equivalent  weight  of  casein. 

The  desirability  of  a  method  of  measuring  the  neutral  point, 
in  such  cases,  independently  of  indicators,  is  apparent.  It 
was  hoped  that  the  determination  of  electrical  conductivity 
would  furnish  this.  It  is  well  known  that  when  an  acid  is 
added  to  a  solution  of  a  strong  base,  the  conductivity  of  the 
solution  decreases  until  the  neutral  point  is  reached,  because 
the  addition  of  acid  replaces  rapidly  conducting  OH'  ions 
with  more  slowly  condticting  acid  radicle  anions.  The  addition 
of  a  given  amount  of  acid  replaces  the  same  number  of  OH' 
ions  and  decreases  the  conductivity  by  a  certain  amount. 
Therefore,  if  the  conductivities  are  plotted  as  ordinates  and 
the  amounts  of  acid  added,  volume  of  solution  being  constant, 
as  abscissae,  the  resulting  curve  will  be  a  straight  line  sloping 
downward  to  the  neutral  point,  at  which  it  breaks  sharply. 


£^wjwi/e«/'a  of  Aiid f>ei'  /Etj-Alktli    —» 


Fig.  I. 
>  Beitr.  chem.  Physiol,  u.  Path.,  8.  197  (1903). 
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If  the  acid  is  a  strong  one,  like  sulphuric  acid  (Fig.  I.), 
the  curve  will  rise  again  rapidly  in  a  nearly  straight  line.  If 
the  acid  is  a  weak  polybasic  one,  like  succinic  (Fig.  I.,  lower 
curve),  the  curve  may  still  continue  falling  sUghtly  on  the  acid 
side  of  the  neutral  point,  due  to  the  fact  that  the  acid  salt 
has  somewhat  lower  conductivity  than  the  neutral  salt,  but  the 
slope  is  slight  compared  with  that  on  the  alkaUne  side  of  the 
neutral  point,  which  is  plainly  marked  by  a  sharp  angle.  If 
the  acid  is  so  weak,  however,  that  it  hydrolyzes,  so  that  its 
normal  salt  reacts  alkaline,  as  is  the  case  with  phosphoric  acid, 
the  curve  does  not  fall  straight  to  the  neutral  point  and  break 
there,  but  bends  gradually  (HgPO^,  Fig.  II.)  and  without  break- 


b  f  J  u  i  v«  lent  s  0/  i    M,  PO^Jitf  0/it  A.    fi  .-V*ay-^=Vi 
OGratns  CttSCiK     as  per/OfitcJ^    _/£   /tuOH — •        ^ 

Fig.  II. 


ing.  The  decrease  in  the  number  of  OH'  ions  is  not  a  linear,  but 
a  complex,  function  of  the  amount  of  acid  added,  and  they  do  not 
disappear  until  an  excess  of  acid  has  been  added.  In  acids  of  this 
character,  the  neutral  point  can  not  be  determined  accurately  by 
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either  conductivity  or  titration  with  phenolphthalein.  Sjoqvist,^ 
working  with  hydrolyzible  hydrochloric  acid  salts  of  albumin, 
employed  the  approximate  method  of  determining  the  inter- 
section of  the  asymptote  of  the  curve  on  the  acid  side  (corre- 
sponding to  the  alkaline  in  our  case),  with  the  horizontal  line 
tangent  to  the  curve  at  its  minimum,  assuming  that  the  ab- 
scissa of  the  intersection  denoted  the  equivalent  weight  of 
albumin. 

The  work  of  former  investigators  has  shown  that  the  addition 
of  more  casein  to  a  sodium  caseinate  solution  neutral  to  phenol- 
phthalein does  not  appreciably  change  the  conductivity. 
The  curve  instead  of  rising  beyond  the  neutral  point,  as  in 
the  case  of  sulphuric  acid,  or  falling  sHghtly,  as  in  the  case 
of  succinic  acid,  becomes  horizontal.  If  an  acid  sodium 
salt  of  casein,  analogous  to  NaHCOg,  is  formed,  this  acid  salt 
has  apparently  the   same   conductivity  as  the   neutral   salt. 

Apparently,  the  (H-casein)"~^  (Hj-casein)""' ions  have 

the  same  conductivity  as  the  (casein)'^  ion  {n  equals  valence 
of  casein  anion),  the  gain  or  loss  of  a  hydrogen  atom  not  ap- 
preciably affecting  the  velocity  of  the  excessively  large  and 
complex  casein  anion. 

Laqueur^  mentions  the  fact  that  increase  in  the  proportion 
of  casein  in  a  solution  of  sodium  caseinate  neutral  to  phenol- 
phthalein does  not  appear  to  change  the  conductivity  so  long 
as  the  concentration  of  the  sodium  remains  constant,  and 
discusses  the  explanation  mentioned  above  ;also,  as  less  probable, 
the  one  that  the  excess  casein  simply  dissolves  as  free  casein 
in  the  sodium  caseinate  solution. 

The  constant  conductivity  of  solutions,  neutral  or  acid  to 
phenolphthalein  but  containing  the  same  concentration  of 
sodium,  is  shown  more  accurately  by  the  figures  of  lyong,^  al- 
though he  does  not  call  attention  to  this  feature.  Rear- 
ranging Long's  results  so  as  to  make  this  point  clear,  we  have 
the  following  table : 

»  Skand.  Arch.  Physiol.,  6,  276  (1895). 

«  Beitr.  chem.  Physiol,  u.  Pathol.,  7,  273  (1903). 

»  J.  Am.  Chem.  Soc,  28.  377  (1906). 
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Cc.  N/10  NaOH 

Grams 

Reaction  to 

in  100  cc. 

casein.           Conductivity  X  10° 

phenolphthalein. 

1-25 

1234 

{  alkaline 

22.50 

2.5 

1006 

I  neutral 

I  50 

IOI2 

[acid 

0.625 

700 

r  alkaline 

11.25 

1.25 

561 

<  neutral 

.2.50 

.      563 

[  acid 

0.3125 

[      380 

[  alkaline 

5  625 

•    0.625 

310 

\  neutral 

.  125 

.      308 

[  acid 

0.1562 

209 

f  alkaline 

2.812 

0.3125 

172 

•  neutral 
acid 

.0.625 

168 

1 .406 

50.1562 
^,0.3125 

?      93 
I      93 

^  neutral 
)  acid 

The  last  two  figures  of  each  trio  in  the  conductivity  column 
agree  closely. 

From  the  preceding  discussion,  it  is  apparent  that  if  casein 
acts  as  an  acid  with  a  definite  neutral  point  correctly  indicated 
by  phenolphthalein,  as  was  apparently  considered  to  be  ap- 
proximately the  case  by  Laqueur  and  Sackur,^  who  based 
equivalent-  and  molecular-weight  determinations  upon  this 
assumption,  we  should  expect  a  neutralization  conductivity 
curve  descending  in  a  straight  line  to  the  neutral  point  and  then 
breaking  and  becoming  horizontal. 

The  curve  actually  obtained  (Fig.  II.)  is  concave  and  gradu- 
ally approaches  the  horizontal  position  without  the  occurrence 
of  a  break  at  any  point.  The  curve  reaches  its  minimum  at 
a  point  near  that  neutral  to  phenolphthalein,  but  it  does  not 
appear  that  this  point  indicates  the  normal  salt  any  more  than 
the  minimum  on  the  phosphoric  acid  curve  indicates  the 
salt  NagPO^.  It  indicates,  rather,  the  presence  of  sufficient 
excess  of  casein  to  depress  the  amount  of  hydrolytically  freed 
alkali  to  a  negligible  quantity.  If  we  adopt  Sjoqvist's  method 
and  extend  the  asymptote  of  the  upper  part  of  the  curve  until 
it  cuts  the  horizontal  line  tangent  at  the  minimum  (see  dashed 
lines  in  Fig.  II),  the  intersection  indicates  an  equivalent  weight 
of  casein  less  than  one-third  that  estimated  from  the  point 
neutral  to  phenolphthalein.     The  assumption  of  Laqueur  and 

»  Beitr.  chem.  Physiol,  u.  Pathol.,  3,  193  (1903). 
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Sackur,  that  the  latter  indicates  approximately  the  true  equiv- 
alent weight  of  casein,  is  not  confirmed.  It  does  not  appear 
that  this  can  be  ascertained  by  titration  with  acid-alkali  in- 
dicators any  more  than  can  that  of  phosphoric  acid,  although 
as  applied  by  Robertson^  it  may  furnish  the  basis  of  a  conve- 
nient empirical  method  for  quantitative  estimation  of  theproteid. 

EXPERIMENTAI,. 

We  dissolved  varying  amounts  of  casein  in  loo  cc.  of  N/ioo 
NaOH  and  determined  the  point  of  minimum  conductivity 
by  the  method  of  repeated  approximation,  finding  the  point 
within  wide  limits,  then  working  within  these  limits  and  finding 
narrower  limits,  etc.  The  methods  of  manipulation  in  agitating 
casein  with  alkali  and  in  measuring  conductivities  were  the 
same  as  in  the  case  of  acids.  ^  The  solutions  were  thus  in  con- 
tact with  the  electrodes  only  a  short  time,  avoiding  chances 
of  the  difficulty  mentioned  by  Laqueur.^ 

We  obtained  the  following  results,  graphically  expressed  in 
Fig.  II.,  using  in  each  case  loo  cc.  of  N/ioo  NaOH  with  the 
amounts  of  casein  indicated. 


Per  cent  free 

Color  of 

Grams  of 

Equivalent 

NaOH  by 

solution  with 

casein. 

conductivity. 
A. 

conductivity. 

phenolphthalein. 

O 

232.0 

100.00 

red 

0.291 

114. 0 

33-55 

" 

(0.335) 

(106.0) 

(29  05) 

" 

0.581 

75-7 

12.00 

" 

0.872 

59-7 

2.98 

" 

I  .000 

56.2 

1. 01 

«« 

1.030 

55-4 

0.56 

" 

1.060 

55-1 

0.39 

" 

1.080 

54-9 

0.28 

" 

I  .100 

54-7 

0.17 

" 

I  .120 

54-4 

0.00 

" 

I  .  140 

54-3 

" 

" 

I.  160 

54-4 

" 

" 

I.  180 

54-3 

" 

•' 

I  .200 

54-3 

" 

slightly  pink 

1.500 

54-4 

" 

colorless 

1.800 

54-4 

" 

" 

»  Jour.  Biol.  Chem..  2.  317  (1907) 

. 

«  This  Journal 

38,  391  (1907). 

»  Beitr.  chem.  Physiol,  u.  Pathol. 

.  7,  275  (1906). 
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Ihe  numbers  in  parentheses  are  graphically  interpolated 
from  the  curve  and  correspond  to  the  point  indicating  the  normal 
salt,  according  to  Sjoqvist's  roughly  approximate  method. 
This  normal  salt,  with  no  excess  of  casein  present,  appears  to  be 
about  29  per  cent  hydrolyzed.  The  free  alkali  in  the  data 
tabulated  below  this  in  the  column  may  be  regarded  as  all  due 
to  hydrolysis. 

The  per  cent  of  free  NaOH  in  the  third  column  is  calculated 
by  the  formula  usually  employed  for  hydrolysis,  k^x  +  (i — xjk^ 
=  ^3 ;  100  at  equals  per  cent  of  free  alkali ;  fe^  indicates  conductivity 
of  free  alkaU  ( =  232) ;  k^  indicates  conductivity  of  unhydrolyzed 
sodium  caseinate  ( =  54.4) ;  k^  indicates  observed  conductivity 
of  experimental  solution.  The  accuracy  of  the  formula  de- 
pends on  that  of  the  observation,  brought  out  previously,  that 
the  equivalent  conductivities  of  the  neutral  and  various  acid 
sodium  salts  of  casein  are  the  same. 

The  view  that  the  sodium  salts  of  casein  hydrolyze  was  held 
by  Laqueur  and  Sackur^  for  the  salts  acid  to  phenolphthalein. 
Our  results  indicate  that  the  salts  even  quite  alkaline  to  phenol- 
phthalein hydrolyze  to  a  marked  degree.  The  behavior  of 
<:asein  salts  of  the  alkaline  earth  metals  also  has  been  studied 
by  W.  A.  Osborne  ,2  with  the  conclusion  that  they  hydrolyze. 

A  further  reason  for  placing  casein,  as  regards  its  acid  prop- 
erties, in  a  class  with  phosphoric  acid  is  the  similar  behavior 
of  the  two  towards  various  indicators.  Phosphoric  acid,  like 
casein,  gives  different  results  when  titrated  against  alkali  with 
different  indicators.  For  example,  10  cc.  of  a  given  solution 
of  phosphoric  acid  was  neutralized  to  methyl  orange  by  6.15  cc. 
N/io  KOH,  while,  to  give  a  perceptible  pink  with  phenol- 
phthalein, 11.20  cc.  were  required. 

Viewed  from  the  standpoint  indicated  by  our  results,  casein 
acts  as  a  very  weak  acid.  When  a  sufficient  excess  of  casein 
is  present  in  solution  (presumably  as  acid  casein  salts,  possibly 
as  free  casein  dissolved  in  sodium  caseinate  solution),  the 
amount  of  hydrolytically  freed  alkali  is  reduced  to  practically 
.zero,  and  the  solution  reacts  neutral  to  the  delicate  indicator 

«  Beitr.  chem.  Physiol,  u.  Pathol..  3,  191  (1903). 
»  Jour.  Physiol.,  87,  398  (1901). 
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phenolphthalein,  at  the  same  time  showing  a  minimum  con- 
ductivity. Owing  to  the  weakness  of  its  acid  properties,  a 
considerably  greater  excess  of  casein  is  required  to  render  the 
solution  acid  enough  to  redden  litmus,  and  still  greater  excess 
to  neutralize  methyl  orange. 

These  results  are  presented  as  preliminary  to  a  more  thorough 
investigation  of  the  problem. 

The  data  for  plotting  the  phosphoric  acid  and  sulphuric  acid 
curves  are  taken  from  Kohlrausch.^  The  data  for  succinic 
acid  were  obtained  by  adding  to  a  solution  of  20  cc.  carbonate- 
free  N/ 10  potassiuim  hydroxide,  in  a  conductivity  cell,  successive 
portions  of  recrystallized  succinic  acid  dried  at  115°.  The  acid 
was  weighed  out  in  a  small  tube  and  portions  shaken  into  the 
solution,  the  tube  being  weighed  after  shaking  out  each  portion. 
By  this  method,  cumulative  error  in  weighing  was  avoided. 
As  one  equivalent  of  succinic  acid  weighed  only  116  milUgrams, 
the  volume  change  caused  by  this  addition  was  negligible. 
The  following  data  were  obtained  at  a  temperature  of  25°.. 

Equivalents  succinic 

acid  added.  A. 

o  240 . O 

0.5008  171. 7 

0.7231  138.0 

O . 8405  I 2 I . 4 

0.9137  III. 6 

0.9835  102.0 

1.043  99  I 

I. 149  97.8 

1-614  93.1 

2.331  88.7 

3 . 100  86 . 2 

For  courtesy  in  providing  us  with  apparatus,  laboratory 
conveniences,  and  materials  for  the  work  described  above 
with  succinic  acid  at  a  time  when  our  own  apparatus  was  not 
available,  we  wish  to  thank  Dr.  Lind,  of  the  University  of  Mich- 
igan. 

I  Leitvermogen  der  Elektrolyte. 
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ON  THE  BASE-FORMING  PROPERTY  OF  CARBON. 

By  Jamks  F.  Norris. 

Some  time  ago  Norris  and  Sanders^  described  a  compound 
of  triphenylchlormethane  and  aluminium  chloride  of  the 
formula  (CeH5)3CCl.AlCl3,  and  drew  attention  to  the  fact  that 
the  substance,  which  was  the  first  compound  of  an  alkyl  chlor- 
ide with  a  metallic  chloride  to  be  prepared,  resembled  an  in- 
organic double  halide.  Kehrmann^  immediately  prepared  other 
double  salts  containing  triphenylchlormethane.  The  existence 
of  such  substances  led  to  the  conception  that  triphenylchlor- 
methane and  analogous  compounds  were  true  salts,  and  that 
the  methane  carbon  in  these  compounds  had  weakly  base- 
forming  properties.  In  discussing  this  view  the  following 
statement  in  regard  to  triphenylcarbinol  was  made  in  a  paper 
by  Norris  and  Franklin  published  in  1903.^  "The  compound 
resembles  to  some  extent  the  hydroxides  of  certain  elements 
which  are  in  the  borderland  between  the  well-defined  acid- 
and  base-forming  elements.  It  is  probable  that  by  a  change 
in  the  nature  of  the  radicals,  the  basic  property  of  the  com- 
pound can  be  increased  to  such  an  extent  that  a  true  carbon 
base  will  be  produced."  It  was  the  intention  of  the  writer 
to  put  this  suggestion  to  the  test  immediately,  but  it  was 
found  inadvisable  to  continue  the  work  until  recently. 

In  the  meantime  Baeyer,^  in  following  out  the  similarity 
between  the  double  compounds  of  triphenylchlormethane 
and  those  of  inorganic  salts,  was  led  to  investigate  a  number 
of  tertiary  aromatic  alcohols  and  their  derivatives.  Among 
the  compounds  prepared  were  certain  sulphates  which  were 
highly  colored.  The  result  of  his  work  was  the  proposal  of 
his  carbonium  theory,  and  its  application  to  the  explanation 
of  the  structure  of  the  triphenylmethane  dyes. 

The  work  about  to  be  described  was  undertaken  with  the 
object  of  testing  the  suggestion  quoted  above.  The  systematic 
study  of  the  problem  involved  the  preparation  of  a  number 

1  This  Journal,  26,  54. 

2  Ber.  d.  chem.  Ges.,  34,  3815. 
«  This  Journal,  29,  X41. 

*  Ber.  d.  chem.  Ges.,  38,  569. 
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of  aromatic  alcohols,  and  an  investigation  of  their  relative 
basicity.  The  most  characteristic  property  of  bases  is  their 
power  to  form  salts  with  aqueous  solutions  of  acids.  The 
alcohols  studied  were,  accordingly,  tested  to  determine  whether 
they  possessed  this  property.  An  approximate  notion  of 
the  relative  basicity  of  a  number  of  compounds  was  formed 
by  determining  the  relation  between  the  lowest  concentrations 
of  the  aqueous  solutions  of  a  certain  acid  by  means  of  which 
the  various  compounds  could  be  converted  into  salts. 

In  this  paper  the  results  obtained  in  the  study  of  the  action 
of  aqueous  solutions  of  hydrochloric  and  hydrobromic  acids 
on  benzyl  alcohol,  and  diphenyl-,  triphenyl-,  and  tritolylcar- 
binols  are  described.  As  it  was  found  in  certain  cases  that 
the  formation  of  salts  took  place  readily,  the  action  of  aqueous 
solutions  of  hydrochloric,  hydrobromic,  and  hydriodic 
acids  on  certain  monatomic  alcohols  of  the  fatty  series  was 
investigated. 

When  triphenylcarbinol  is  treated  with  hydrochloric  acid 
(sp.  gr.  1.20)  it  is  converted  quantitatively,  in  the 
cold,  into  triphenylmethyl  chloride.  As  both  the  carbinol 
and  the  chloride  are  almost  insoluble  in  the  acid,  it  is  necessary 
to  have  the  carbinol  in  a  finely  divided  condition  in  order  to 
get  complete  reaction.  This  can  be  accomplished  by  grinding 
the  alcohol  with  the  acid  in  a  mortar,  or,  better,  by  adding 
slowly  to  the  acid  a  solution  of  the  carbinol  in  some  solvent 
which  mixes  with  water,  for  example,  acetic  acid,  acetone, 
or  alcohol.  Triphenylmethyl  bromide  and  iodide  are  formed 
in  the  same  way  when  hydrobromic  acid  (sp.  gr.  1.49)  and 
hydriodic  acid   (sp.   gr.    1.7)   are  used. 

As  the  study  of  /)/)'/)''-tritolylcarbinol  brought  out  the  fact 
that  its  basicity  was  greater  than  that  of  the  analogous  phenyl 
compound,  the  reactions  of  the  former  were  studied  in  greater 
detail.  Dilute  hydrochloric  acid  (sp.  gr.  1.12)  converts  tri- 
tolylcarbinol  into  the  chloride,  whereas  an  analogous  trans- 
formation does  not  take  place  in  the  case  of  triphenylcarbinol 
with  acid  of  this  strength.  The  greater  basicity  of  the  tolyl 
compound  is  also  shown  by  the  fact  that  it  reacts  with  nitric 
acid  (sp.  gr.  1.42)  and  gives  a  nitrate,  which  appears  to  have 
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the  formula  (CH3CeH,)3CN03.2HN03.  Under  the  same 
conditions  triphenylcarbinol  is  not  changed.  The  latter  sub- 
stance dissolves  in  fuming  nitric  acid,  and  is  precipitated  un- 
changed by  the  cautious  addition  of  water. 

Triphenylcarbinol  dissolves  in  concentrated  sulphuric  acid, 
and,  in  all  probability,  forms  a  sulphate.  When  even  a  small 
quantity  of  water  is  added  to  the  solution  the  carbinol  is  pre- 
cipitated. Tritolylcarbinol,  on  the  other  hand,  dissolves  in  a 
mixture  of  equal  volumes  of  water  and  sulphuric  acid.  If 
the  solution  is  saturated  at  the  temperature  of  the  steam  bath 
and  then  placed  in  a  freezing  mixture,  a  sulphate  of  the  com- 
position (CH3CeH,)3CS04H.H2S04  crystalUzes  out  in  silky 
needles.  The  salt  has  a  deep  orange  color  and  resembles  in 
properties  and  composition  the  sulphates  prepared  by  Baeyer. 
It  is,  however,  more  stable.  Baeyer's  method  of  preparing 
the  sulphates  was  to  bring  the  carbinol  and  concentrated  sul- 
phuric acid  together  in  an  organic  solvent.  Chloral  was  used, 
as  it  united  chemically  with  the  water  formed  in  the  reaction. 
The  sulphate  was  then  precipitated  by  some  dry  organic  liquid 
in  which  it  was  not  soluble.  These  precautions  are  not  necessary 
in  the  case  of  tritolylmethyl  sulphate,  on  account  of  the  greater 
basicity  of  the  carbinol  from  which  it  is  prepared. 

From  the  above  it  appears  that  tritolylcarbinol  reacts  as  a 
base,  as  it  forms  a  chloride,  bromide,  iodide,  nitrate,  and  sul- 
phate with  aqueous  solutions  of  the  respective  acids.  The 
base-forming  property  of  carbon  is  not  highly  developed, 
however,  as  all  these  salts  are  formed  only  in  relatively  con- 
centrated solutions  of  the  acids,  and  all  are  hydrolyzed  more 
or  less  readily  by  water.  There  is  some  analogy  between  the 
behavior  of  these  salts  and  those  of  bismuth. 

The  reactions  of  the  compounds  prepared  from  tritolyl- 
carbinol are  strong  evidence  of  their  being  true  salts.  A  solu- 
tion of  tritolylmethyl  chloride  in  acetone  is  a  conductor  of  elec- 
tricity. When  a  direct  current  is  passed  through  such  a  solu- 
tion, a  red  substance  is  deposited  upon  the  cathode.  This 
substance  loses  its  color  when  brought  in  contact  with  air. 
It  probably  resembles  in  composition  Gomberg's  triphenyl- 
methyl.     This   reaction   is  now  under  investigation.     When 
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a  solution  of  the  chloride  in  acetone  is  treated  with  silver  ni- 
trate or  silver  sulphate,  a  metathesis  takes  place  and  silver 
chloride  is  precipitated. 

Tritolylmethyl  sulphate  is  the  only  salt  so  far  prepared 
which  dissolves  in  water,  and  in  this  case  solution  without 
decomposition  is  only  possible  in  the  presence  of  a  large  excess 
of  acid.  The  solution  prepared  by  dissolving  the  sulphate  in 
sulphuric  acid  (one  volume  of  water  and  one  volume  of  acid), 
or  by  dissolving  the  carbinol  in  the  same  solvent,  exhibits  the 
characteristic  properties  of  a  solution  of  an  inorganic  salt. 
This  is  readily  shown  by  adding  to  such  a  solution  sodium  chlor- 
ide. Tritolylmethyl  chloride,  which  is  insoluble,  is  immediately 
precipitated.  The  reaction  appears  to  be  quantitative,  and 
is  similar  to  the  precipitation  of  silver  from  its  salts 

Certain  reactions  of  tritolylmethyl  chloride  and  of  tritolyl- 
methylethyl  ether  are  of  interest  in  this  connection.  The 
chloride  is  decomposed  by  concentrated  sulphuric  acid  at  room 
temperature,  the  reaction  being  analogous  to  that  between 
sodium  chloride  and  the  acid: 

(CHgCaHJgCCl  +  H2SO    =  (CHgC^HJgCSO.H  +  HCl. 

This  reaction  may  be  made  to  proceed  in  the  opposite  direction 
to  that  in  which  it  is  written  by  adding  concentrated  hydro- 
chloric acid  to  a  solution  of  the  sulphate  in  sulphuric  acid. 
The  metathesis  follows  the  laws  which  apply  to  such  changes 
in  inorganic   chemistry. 

Tritolylmethyl  chloride  reacts  with  alcohol  in  the  presence 
of  an  excess  of  the  latter,  according  to  the  following  equation : 

(CHgCeHJaCCl  +  HOC2H5  =  (CHeC.HJjCOC^Hs  +  HCl. 

This  is  also  a  reversible  reaction,  for  the  ether  is  converted  into 
the  chloride  when  it  is  treated  with  a  large  excess  of  concentrated 
hydrochloric  acid.  The  ether  is  also  formed  when  a  small 
quantity  of  hydrochloric  acid  is  added  to  a  solution  of  tritolyl- 
carbinol  in  alcohol.  The  acid  acts  as  a  catalytic  agent.  It 
in  all  probability  reacts  with  the  carbinol  to  form  the  chloride, 
which,  in  turn,  reacts  with  the  alcohol  to  produce  the  ether 
and  hydrochloric  acid.     The  process  is  then  repeated. 
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The  action  of  acids  on  diphenylcarbinol  was  next  studied, 
in  order  to  determine  whether  the  replacement  of  a  phenyl 
group  by  hydrogen  had  a  marked  influence  on  the  basicity  of 
the  compound.  The  carbinol  was  readily  changed  into  a  chloride 
and  a  bromide  by  concentrated  solutions  of  hydrochloric 
and  hydrobromic  acids.  In  the  same  way  benzyl  chloride, 
bromide,  and  iodide  were  prepared  from  benzyl  alcohol.  In 
the  case  of  this  alcohol,  gentle  heat  was  applied  in  order  to 
bring  about  the   reaction   quickly. 

It  is  seen  from  the  above  that  typical  primary,  secondary, 
and  tertiary  aromatic  alcohols  exhibit  basic  properties.  A 
quantitative  determination  of  the  relative  basicity  of  a  number 
of  such  alcohols  is  now  being  made. 

The  fact  that  aromatic  alcohols  reacted  so  readily  when 
treated  with  aqueous  solutions  of  the  halogen  acids  led  to  an 
investigation  of  the  behavior  of  alcohols  of  the  paraffin  series 
under  the  same  conditions.  The  chances  of  the  replacement 
of  the  hydroxyl  group  by  halogen  taking  place  to  any  great 
extent  seemed  small,  as  those  who  have  studied  the  action  of 
halogen  acids  on  alcohols  have  always  endeavored  to  eliminate 
water  in  order  to  bring  about  the  reaction.  The  usual  method 
is  to  saturate  the  alcohol  at  a  low  temperature  with  the  gaseous 
acid  and  to  heat  the  mixture  in  a  sealed  tube  at  a  compara- 
tively high  temperature,  or  to  pass  the  gaseous  acid  into  the 
boiling  alcohol  in  the  presence  of  fused  zinc  chloride. 

As  the  replacement  of  the  hydroxyl  group  by  halogen  is, 
in  general,  not  satisfactorily  accomplished  in  this  way,  the 
halogen  compounds  are  usually  prepared  by  the  action  of  the 
halides  of  phosphorus  on  the  alcohols — a  method  which  often 
gives  poor  yields,  as  a  number  of  side-reactions  take  place. 

Tertiary  butyl  alcohol  was  first  studied,  as  it  seemed  that 
its  basic  properties  would  be  greater  than  those  of  a  primary 
alcohol.  Concentrated  hydrochloric  acid  reacts  with  the 
alcohol  in  the  cold,  and  a  quantitative  yield  of  tertiary  butyl 
chloride  is  obtained.  In  the  study  of  the  action  of  hydrobromic 
and  hydriodic  acids  on  the  alcohols,  the  most  concentrated 
aqueous  solutions  were  not  used.  It  was  found  that  the  mix- 
tures of  the  alcohols  and  acids  required  heating  in  most  cases 
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to  bring  about  reaction,  and  that  under  these  conditions  a 
large  amount  of  the  acids  was  lost.  The  constant-boiling 
mixtures  of  the  acids  and  water  were  used,  as  solutions  of  the 
concentration  of  these  mixtures  effected  the  replacement  of 
the  hydroxyl  group  by  bromine  and  iodine.  When  tertiary 
butyl  alcohol  was  gently  heated  with  hydrobromic  and  hydri- 
odic  acids,  the  bromide  and  iodide  were  obtained.  When  the 
alcohol  and  acid  were  mixed  in  the  proportion  of  one  molecular 
weight  of  the  former  to  two  of  the  latter  the  yields  of  the  bro- 
mide and  iodide  were  91  per  cent  and  89  per  cent  of  the  theoret- 
ical,   respectively. 

When  a  mixture  of  secondary  butyl  alcohol  and  hydrobromic 
acid,  in  the  molecular  ratio  of  one  of  the  former  to  three  of  the 
latter,  was  distilled,  a  yield  of  95  per  cent  of  the  calculated 
amount  of  bromide  was  obtained.  This  result  is  of  interest 
in  light  of  the  fact  that  Norris  and  Green  ^  showed  that  second- 
ary butyl  alcohol  was  not  converted  into  the  bromide  when 
hydrogen  bromide  was  passed  into  the  boiling  alcohol  which 
contained  fused  zinc  chloride.  A  yield  of  95  per  cent  of  sec- 
ondary butyl  iodide  was  obtained  when  an  aqueous  solution 
of  the  halogen  acid  was  used. 

With  hydrochloric  acid  the  results  were  quite  different  in 
character.  When  a  large  excess  of  concentrated  hydrochloric 
acid  was  used  no  chloride  was  obtained  on  distillation.  The 
alcohol  distilled  unchanged  with  the  acid.  On  account  of 
this  result  a  solution  of  hydrochloric  acid  was  prepared  which 
had  the  same  molar  concentration  as  the  hydrobromic  acid 
solution  which  gave  a  yield  of  95  per  cent  of  the  bromide. 
A  mixture  of  the  alcohol  and  acid  in  the  same  proportions  as 
used  in  the  preparation  of  the  bromide  was  distilled.  The 
yield  of  chloride  was  12  per  cent.  When  the  alcohol  was 
distilled  with  a  large  excess  of  the  constant-boiling 
mixture  of  hydrochloric  acid  and  water,  which  mixture  con- 
tains a  larger  percentage  of  water  than  the  acid  used  in  the 
experiment  just  noted,  the  yield  of  chloride  was  increased  to 
50  per  cent.  The  alcohol  which  distilled  unchanged  was 
readily  recovered  by  treating  the  aqueous  part  of  the  distillate 
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with  a  strong  solution  of  potassium  hydroxide.  The  recovered 
alcohol  was  returned  to  the  distilling  flask,  and  the  distillation 
continued.  As  a  result,  the  total  yield  of  chloride  was  72 
per  cent.  The  remarkable  fact  that  the  alcohol  is  converted 
into  the  chloride  by  dilute  acid,  whereas  the  concentrated 
acid  does  not  effect  this  change,  will  be  discussed  farther  on. 

The  conversion  of  a  secondary  alcohol  into  a  chloride  by 
distilling  the  former  with  an  aqueous  solution  of  hydrochloric 
acid  is  not  a  characteristic  reaction  of  compounds  of  this  class, 
as  it  was  found  impossible  to  prepare  isopropyl  chloride  in 
this  way.  Isopropyl  bromide  and  iodide  were,  however,  pre- 
pared  readily  and   good   yields  were   obtained. 

The  primary  alcohols  studied  were  methyl,  ethyl,  propyl, 
isobutyl,  isoamyl,  and  allyl  alcohol.  In  all  cases  the  alcohols 
were  mixed  with  aqueous  solutions  of  hydrobromic  acid  (sp. 
gr.  1.49)  and  hydriodic  acid  (sp.  gr.  1.70)  and  slowly  distilled. 
The  effect  on  the  yield  of  the  halide  of  varying  the  molecular 
proportions  of  the  reacting  substances  was  studied  in  a  number 
of  cases.  In  general  it  was  found  that  increase  in  the  amount 
of  acid  produced  larger  yields.  When  the  molecular  ratio  of 
one  of  the  alcohol  to  three  of  the  acid  was  used,  the  yields  were 
satisfactory.  For  example,  the  yields  of  ethyl  bromide,  ethyl 
iodide,  propyl  bromide,  and  propyl  iodide  were  81,  84,  88, 
and  89  per  cent,  respectively. 

This  method  of  preparing  the  alkyl  bromides  and  iodides 
is  superior  to  any  used  in  the  past.  The  yields  are  excellent, 
and  there  is  no  loss  of  reagents.  The  alcohol  which  does  not 
enter  into  reaction  can  be  recovered  by  treating  the  aqueous 
distillate  with  potassium  hydroxide,  or  the  yield  can  be  made 
almost  that  required  by  theory,  by  using  a  large  excess  of  the 
solution  of  the  acid.  There  is  no  loss  of  the  latter.  After  the 
bromide  or  iodide  has  distilled  over,  the  diluted  acid  which 
remains  in  the  flask  may  be  distilled  slowly  until  its  boiling 
point  reaches  that  of  the  constant-boiling  mixture  of  acid  and 
water,  when  more  alcohol  may  be  added  and  the  process  re- 
peated. The  method  is  of  particular  value  when  a  synthetic 
alcohol,  requiring  much  time  for  its  preparation,  is  to  be  con- 
verted into  the  corresponding  bromide  or  iodide.     When  the 
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halides  are  prepared  by  means  of  the  phosphorus  compounds 
the  yields  are  often  small.  The  method  is  of  value  on  account 
of  its  simplicity.  The  alcohol  and  acid  are  mixed  and  distilled. 
The  halide  and  a  small  amount  of  water  distil  over  at  once. 
It  is  not  necessary  to  distil  the  whole  mixture. 

Under  no  conditions  were  the  primary  alcohols  converted 
into  chlorides  when  distilled  with  aqueous  solutions  of  hydro- 
chloric acid.  The  results  emphasize  the  well-known  differ- 
ence in  the  behavior  of  the  halogen  acids  toward  organic  com- 
pounds. 

From  the  facts  stated  above  a  conception  of  the  relative 
basicity  of  the  different  classes  of  alcohols  can  be  gained. 
The  primary  fatty  alcohols  are  not  converted  into  chlorides 
by  hydrochloric  acid.  Some  secondary  alcohols  are  so  con- 
verted at  sHghtly  elevated  temperatures,  while  tertiary  alcohols 
react  with  this  reagent  at  room  temperature.  The  temperature 
at  which  the  members  of  a  series  of  isomeric  alcohols  react 
with  hydrobromic  acid  varies  with  the  type  of  alcohol.  For 
example,  isobutyl  alcohol  reacts  with  hydrobromic  acid  at 
105°,  secondary  butyl  alcohol  at  65°,  and  tertiary  butyl  al- 
cohol at  35°. 

The  nature  of  the  reaction  which  takes  place  in  the  replace- 
ment of  an  alcoholic  hydroxyl  group  by  halogen  is  not  clear 
from  the  experimental  results  obtained  as  yet.     It  is  evident, 
from  the  results  of  the  study  of  the  action  of  the  alcohols  on 
hydrochloric  acid  and  on  hydrobromic  acid  of  the  same  molar 
concentration,  that  the  reaction  is  not  an  ionic  one.     A  number 
/of  if  acts  indicate  that  the  reaction  may  consist  in  the  formation 
)  of,  an  addition  product  of  the  halogen  acid  and  alcohol,  and  the 
J  subsequent  decomposition  of  this  compound  with  the  elim- 
V  ination  of  water.     When  the  primary  fatty  alcohols  are  heated 
with  hydrochloric  acid,  no  chloride  is  formed,  but  the  distillates 
appear,  in  some  cases,  to    have  definite  boiling-points,  and 
contain  both  the  alcohol  and  hydrochloric  acid.     It  has  not 
yet  been  determined  whether  the  distillates  are  compounds  of 
the  alcohols  and  the  acid,  or  are  of  the  nature  of  the  constant- 
boiling  mixtures  of  the  acid  and  water.     The  fact  that  the 
lower  fatty  alcohols  which   are  insoluble  in  water    dissolve 
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readily  in  aqueous  solutions  of  the  halogen  acids,  is,  per- 
haps, some  evidence  in  favor  of  the  view  that  addition  products 
are  formed. 

As  the  reaction  between  an  alcohol  and  a  halogen  acid  is  a 
reversible  one,  the  decomposition  of  a  halide  by  water  consists, 
if  the  above  view  is  correct,  in  the  addition  of  water  and  the 
subsequent  elimination  of  halogen  hydride.  The  temperature 
is  an  important  factor  in  determining  the  equilibrium  in  the 
system.  The  description  of  an  experiment  with  tertiary 
butyl  bromide  will  make  this  statement  clear.  About  25  grams 
of  the  bromide  were  allowed  to  stand  with  an  equal  volume 
of  water.  At  the  end  of  a  few  days,  during  which  time  the 
reacting  substances  were  occasionally  shaken,  the  bromide 
disappeared  and  a  homogeneous  liquid  was  formed.  The  mix- 
ture was  divided  into  two  portions.  One  of  these  was  treated 
with  potassium  hydroxide  and  yielded  the  alcohol.  When 
the  other  portion  was  heated,  about  one-half  of  the  alcohol 
present  was  converted  into  the  bromide.  It  follows  that, 
if  it  is  desired  to  decompose  a  halide  with  a  small  amount  of 
water,  the  temperature  of  the  reacting  mixture  must  be  below 
that  at  which  the  alcohol  reacts  with  the  acid,  if  a  complete 
transformation  is  to  take  place. 

A  satisfactory  explanation  of  the  mechanism  of  the  replace- 
ment of  a  hydroxyl  group  in  an  aromatic  alcohol  by  halogen 
is  difficult  to  obtain,  as  the  possibilities  are  greater  than  is  the 
case  with  the  fatty  alcohols.  This  explanation  must  take  into 
account  the  structure  of  the  resulting  halide,  for  example, 
triphenylchlormethane.  Two  striking  views  of  the  structure 
of  this  substance  are  before  chemists.  According  to  Baeyer 
the  compounds  formed  by  replacing  the  hydroxyl  group  in  a 
tertiary  aromatic  alcohol  by  the  halogens  or  the  group  SO4H, 
may  exist  in  two  modifications,  one  of  which  has  a  structure 
analogous  to  that  assigned  to  similar  fatty  compounds  (formula 

I)- 

(I)  (CeH,)3C  -  CI  (2)  (C«H,)3C CI 

In  the  other,  the  carbon  atom  possesses  peculiar  basic  properties, 
and  the  compounds  containing  such  carbon  atoms  are  true 
salts.     In  order  to  represent  this  property  graphically  the  form- 
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ula  is  written  as  above  (2).  The  compounds  are  called 
carbonium  salts.  It  has  been  found  impossible  up  to  the  pres- 
ent to  obtain  in  the  free  condition  substances  corresponding 
to  formula  (2),  but  according  to  Baeyer  they  exist  in  solution 
and  in  double  salts.  Substances  containing  the  carbonium 
linking  are  highly  colored.  According  to  this  view  triphenyl- 
carbinol  has  no  basic  properties,  but  is  converted  by  acids  into 
triphenylcarbonium  hydroxide,  which  then  reacts  to  form 
triphenylcarbonium  chloride.  The  latter  compound  exists 
as  such  in  certain  solvents,  but  if  an  attempt  is  made  to  get 
the  substance  in  the  solid  state,  it  changes  into  colorless  tri- 
phenylchlormethane.  Experiment  shows  that  when  colorless 
tritolylcarbinol  is  converted  into  colorless  tritolylmethyl 
chloride,  a  colored  intermediate  product  is  formed. 

The  other  important  view  is  that  of  Kehrmann.  According 
to  this  conception  the  colored  compounds  derived  from  tri- 
phenylchlormethane  and  similar  substances,  contain  a  quinoid 
grouping.  The  graphic  symbol  of  the  form  of  triphenylchlor- 
methane  which  shows  the  properties  of  salts,  and  gives  a  color 
to  the  compounds  in  which  it  is  present,  is  this: 


The  recent  work  of  Gomberg  and  others  on  "triphenylmethyl" 
is  evidence  in  favor  of  this  view. 

The  experimental  results  obtained  in  this  research  are  of 
interest  in  connection  with  the  above  views,  although,  as  yet, 
they  do  not  serve  to  answer  the  question  as  to  the  nature  of 
the  change  which  takes  place  in  the  replacement  of  hydroxyl 
by  halogen,  A  number  of  the  chemical  properties  of  tertiary 
butyl  alcohol  are  like  those  of  triphenylcarbinol.  Both  sub- 
stances are  converted  by  concentrated  hydrochloric  acid  into 
chlorides  which  are  decomposed  by  water.  Both  react  with 
acetyl  chloride  and  form,  not  an  acetate,  as  is  usual,  but  a 
chloride.  The  bromides  of  the  two  alcohols  react  with  ethyl 
alcohol,  and  hydrogen  bromide  is  set  free.     The  acid  is  also 
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fonned  when  the  bromides  are  treated  with  concentrated  sul- 
phuric acid.  In  view  of  this  similarity  in  behavior  in  a  number 
of  chemical  reactions,  it  is  probable  that  the  basicity  of  the 
triphenylmethyl  and  the  tertiary  butyl  groups  are  of  the  same 
order  of  magnitude,  and  that  the  reactions  of  the  two  substances 
with  acids  would  be  of  the  same  nature.  The  formation  of  a 
carbonium  compound  of  tertiary  butyl  might,  accordingly, 
be  expected.  When  the  two  alcohols  are  treated  with  hydro- 
chloric acid,  chlorides  are  formed,  but  the  striking  fact  appears 
that,  during  the  transformation,  a  marked  yellow  color  is  pro- 
duced in  the  case  of  the  aromatic  alcohol,  whereas  no  color 
is  evident  when  the  fatty  compound  is  used.  This  difference 
is  readily  explained  if  we  accept  the  quinoid  formula  for  the 
colored   compounds. 

There  are  other  possible  explanations  which  must  be  studied 
before  a  conclusion  can  be  reached  as  to  the  nature  of  the 
colored  compounds.  They  may  be  oxonium  salts,  or  the  ex- 
istence of  color  may  be  associated  with  formation  of  complex 
molecules  when  the  so-called  partial  valences  come  into  play. 
An  attempt  will  be  made  to  collect  evidence  bearing  upon 
this  latter  view.  An  effort  will  also  be  made  to  prepare  a  car- 
binol  having  greater  basic  properties  than  those  of  tritolyl- 
carbinol. 

EXPERIMENT  AI,. 

In  this  section  will  be  given  some  details  of  the  experimental 
work  not  described  above. 

Tritolylmethyl  Nitrate. — Nitric  acid,  of  the  specilSc  gravity 
1.42,  reacts  with  /)/)'/)''-tritolylcarbinol  at  room  temperature. 
The  colorless  crystals  of  the  carbinol  are  changed  into  a  red 
oil,  which  floats  on  the  acid.  For  analysis  the  oil  was  separated 
from  the  acid  by  rotating  a  tube  containing  the  mixture  in 
a  centrifuge.  The  upper  layer  was  separated  by  means  of  a 
pipette.  The  substance  was  analyzed  by  determining  the 
amount  of  acid  formed  when  it  was  hydrolyzed  by  water  into 
nitric  acid  and  tritolylcarbinol.  The  salt  was  decomposed 
by  heating  it  with  water,  or  a  solution  of  it  in  acetone  was 
poured  into  water,  when  the  hydrolysis  took  place  at  once. 
A  number  of  analyses  were  made,  as  it  was  found  that  the  per- 
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centage  of  nitric  acid  found  varied  with  different  samples. 
It  was  impossible  to  free  the  salt  from  small  amounts  of  nitric 
acid  mechanically  held.  The  percentages  of  nitric  acid  ob- 
tained varied  between  39.11  and  43.60  per  cent.  The  theory 
for  the  formula  (CH3C8HJ3CNO3.2HNO3  is  39.96  per  cent. 
The  oil  loses  nitric  acid  slowly  in  the  air,  more  rapidly  in  a 
desiccator  over  potassium  hydroxide,  and  when  heated  at  100'* 
about  two-thirds  of  the  acid  is  quickly  lost. 

Tritolylmethyl  Sulphate. — Equal  weights  of  tritolylcarbinol 
and  concentrated  sulphuric  acid  were  warmed  together  on  the 
steam  bath.  On  cooling,  an  orange-colored  crystalline  mass 
was  formed.  This  was  dissolved,  by  heating  on  the  steam 
bath,  in  a  mixture  of  equal  volumes  of  concentrated  sulphuric 
acid  and  water.  The  solution  was  then  placed  in  a  freezing 
mixture,  and  the  crystals  which  separated  were  dried  on  a 
porous  tile  which  had  been  previously  cooled .  As  the  salt 
is  readily  decomposed  by  water,  it  is  necessary  to  keep  it  in  a 
desiccator  over  sulphuric  acid.  The  salt  was  analyzed  by  de- 
termining the  sulphuric  acid  formed  when  it  was  decomposed 
by  water  into  the  carbinol  and  acid.  The  percentage  of  sul- 
phuric acid  found  was  40.61;  the  calculated  for  (CHgCeHJj 
CSO.H.H.SO^  is  40.84  per  cent. 

Some  tritolylcarbinol  was  dissolved  in  sulphuric  acid  (sp. 
gr.  1.5)  and  to  the  solution  was  added  some  finely  powdered 
sodium  chloride.  The  precipitate  which  formed  immediately 
was  shown  to  be  tritolylmethyl  chloride.  As  the  filtrate  when 
added  to  water  gave  no  precipitate,  it  was  evident  that  the  tri- 
tolylmethyl group  had  been  completely  precipitated  as  chloride. 
Concentrated  hydrochloric  acid,  when  added  to  the  solution  of 
the  sulphate,  also  caused  the  precipitation  of  the  chloride. 

Benzyl  Chloride. — Two  grams  of  benzyl  alcohol  and  6  grams 
of  concentrated  hydrochloric  acid  were  mixed  and  slowly 
heated.  At  60°  the  mixture  separated  into  two  layers.  The 
yield  of  benzyl  chloride  was  70  per  cent  of  the  theoretical. 
When  the  alcohol  and  a  large  excess  of  the  acid  were  mixed, 
the  reaction  took  place  at  the  room  temperature  after  a  few 
minutes,  and  a  theoretical  yield  of  the  chloride  separated.  Benzyl 
alcohol  dissolves  sparingly  in  hydrochloric  acid  of  the  specific 
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gravity  1.12.  When  the  solution  is  warmed,  benzyl  chloride 
is  formed.  Benzyl  bromide  and  iodide  were  prepared  in  the 
same  way  from  the  corresponding  acids. 

Preparation  of  the  Alkyl  Halides. — The  method  of  preparing 
the  bromides  and  iodides  was  as  follows:  A  mixture  of  the 
alcohol  and  the  acid  was  slowly  distilled.  The  weight  of  alcohol 
used  varied  in  different  experiments  from  5  to  20  grams.  The  ^ 
acids  used  were  hydrobromic  acid  of  the  specific  gravity  1.49  ^ 
and  hydriodic  acid  of  the  specific  gravity  1.70.^  'lln  order  to 
find  out  at  what  temperature  the  reaction  began,  the  dis- 
tilling flask  was  fitted  with  a  therm.ometer,  the  bulb  of  which 
was  in  the  Uquid.  The  temperature  of  the  liquid  was  noted 
when  there  was  the  first  evidence  of  the  formation  of  the 
organic  halide.  In  some  cases  this  was  shown  by  the  conden- 
sation of  the  halide  in  the  neck  of  the  flask ;  in  some  cases  the 
liquid  clouded  as  a  result  of  the  sudden  formation  of  the  halide. 
The  determination  of  the  temperature  in  this  way  was  an  ap- 
proximation only.  The  halide  distilled  over  first.  Toward 
the  end  of  the  reaction  some  dilute  acid  passed  over  with  the 
halide.  The  products  were  shaken  with  concentrated  hydro- 
chloric acid  to  remove  any  alcohol  which  had  distilled  un- 
changed. The  yields  given  below  are  those  calculated  from 
the  specific  gravity  and  the  volumes  of  the  halides  after  they 
were  washed.  In  all  cases  the  products  were  dried  and  dis- 
tilled and  found  to  be  pure.  A  brief  statement  about  each 
experiment  follows. 

Methyl  Bromide. — Five  grams  of  methyl  alcohol  were  dis- 
tilled with  79  grams  of  hydrobromic  acid  (molecular  ratio,  i 
of  alcohol  to  3  of  acid).  The  bromide  was  condensed  by  pas- 
sing the  gas  into  a  cylinder  containing  hydrochloric  acid  and 
surrounded  by  a  freezing  mixture.  The  yield  was  7.3,  grams, 
which  is  50  per  cent  of  the  theoretical. 

Methyl  Iodide. — Five  and  one-half  grams  of  methyl  alcohol 
and  105  grams  of  hydriodic  acid  gave  21  grams  of  methyl 
iodide,  a  yield  of  86  per  cent.  The  reaction  appeared  to  begin 
at  70°.  When  about  one-half  of  the  iodide  had  distilled  over, 
the  aqueous  distillate  measured  0.5  cc.  When  the  reaction 
was  complete  the  latter  measured  2  cc. 
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Ethyl  Bromide. — ^When  the  mixtures  which  were  distilled 
contained  the  alcohol  and  the  acid  in  the  molecular  ratio 
I  to  3,  I  to  3.5,  and  i  to  4,  the  yields  were  71,  81,  and  86  per 
cent,  respectively.  The  reaction  between  the  alcohol  and  acid 
began  at  about  90°. 

Ethyl  Iodide. — ^Ten  grams  of  alcohol  and  147  grams  of  hy- 
driodic  acid  (molecular  ratio,  i  to  3)  gave  27  grams  of  the 
iodide,  which  is  84  per  cent  of  the  theoretical.  The  reaction 
began  at  about  85°.  An  experiment  was  made  to  determine 
the  effect  upon  the  yield  of  a  large  excess  of  alcohol.  When 
the  molecular  ratio  was  3  of  alcohol  to  i  of  acid,  the  yield 
was  53  per  cent  of  the  theoretical  amount  calculated  from  the 
acid. 

n-Propyl  Bromide. — ^When  the  alcohol  and  acid  were  in  the 
molecular  ratio  of  i  to  2,  respectively,  the  yield  of  bromide 
was  59  per  cent.  With  4  parts  of  acid  this  was  increased  to 
84  percent. 

n-Propyl  Iodide. — The  reaction  began  at  86°.  When  the 
ratio  of  alcohol  to  acid  was  i  to  3,  the  yield  was  87  per  cent. 

Isopropyl  Bromide. — Ten  grams  of  the  alcohol  and  84  grams 
of  the  acid  (molecular  ratio,  i  to  3)  gave  18  grams  of  the  bro- 
mide, a  yield  of  89  per  cent. 

Isopropyl  Iodide. — ^When  the  ratio  was  i  to  2  the  yield  was 
89  per  cent.     Reaction  started  at  about  70°. 

Isobutyl  Bromide. — Experiment  with  this  alcohol  showed 
that  the  rate  of  distillation  had  a  marked  effect  upon  the  yield 
of  halide.  Two  experiments  were  carried  out  with  mixtures 
containing  the  alcohol  and  acid  in  the  ratio  of  i  to  3.  When 
the  mixture  was  distilled  as  rapidly  as  possible,  the  yield  was 
30  per  cent.  With  slow  distillation  this  was  increased  to  55 
per  cent.     The  reaction  began  at  about  105°. 

Isobutyl  Iodide. — In  this  case  the  yield  was  not  so  good  as 
with  the  other  alcohols.  The  reaction  began  at  about  100° 
when  the  ratio  was  i  to  3.     The  yield  of  iodide  was  64  per  cent. 

Secondary  Butyl  Bromide  and  Iodide. — When  the  ratio  was 
I  of  alcohol  to  3  of  acid,  the  yield  of  both  bromide  and  iodide 
was  95  per  cent.     The  reaction  began  in  both  cases  at  about 
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65°.  The  solution  clouded  at  80°,  due  to  the  rapid  separation 
of  the  halides. 

Tertiary  Butyl  Bromide. — ^When  equal  molecular  quantities 
of  the  alcohol  and  acid  were  heated  in  a  flask  provided  with  a 
return  condenser,  the  yield  of  bromide  was  50  per  cent.  When 
the  preparation  was  carried  out  in  the  usual  way,  and  twice 
the  theoretical  quantity  of  acid  was  used,  91  per  cent  was  ob- 
tained. The  reaction  began  at  about  35°,  and  at  50°  the  sep- 
aration of  the  bromide  was  so  rapid  that  the  solution  clouded. 

Tertiary  Butyl  Iodide. — ^When  the  alcohol  and  the  acid  were 
mixed  in  the  ratio  of  i  to  3,  sufficient  heat  was  produced  to 
cause  the  separation  of  the  iodide.  The  yield  was  89  per  cent 
of  the  theoretical. 

Isoamyl  Bromide. — The  effect  upon  the  yield  of  varying  the 
excess  of  acid  was  studied  in  this  case.  The  alcohol  was  mixed 
with  one,  two,  and  three  times  the  theoretical  atnount  of  hy- 
drobromic  acid.  The  yields  were  37,  78,  and  85  per  cent,  re- 
spectively.    Reaction  began  at  abdut  105°. 

Isoamyl  Iodide. — Molecular  ratio  of  alcohol  to  acid,  i  to  3 ." 
yield,  80  per  cent. 

Allyl  Bromide  and  Iodide. — A  sample  of  Kahlbaum's  commer- 
cial allyl  alcohol  was  used.  The  mixtures  of  the  alcohol  and  acids 
darkened  when  heated.  With  hydriodic  acid  some  iodine 
was  set  free.  The  yields  when  the  molecular  ratio  of  alcohol 
and  acid  was  i  to  3  were  61  per  cent  of  bromide  and  58  per  cent 
of  iodide. 

The  Action  of  Hydrochloric  Acid  on  the  Fatty  Alcohols. — ^When 
propyl  alcohol  was  distilled  with  dilute  and  with  concentrated 
hydrochloric  acid,  no  chloride  was  formed.  The  distillate 
contained  both  the  acid  and  the  alcohol,  and  in  certain  cases 
appeared  to  have  a  constant  boiling  point.  The  alcohol  was 
readily  separated  by  adding  potassium  hydroxide  to  the  dis- 
tillate. No  chloride  was  formed  from  isopropyl  or  isoamyl 
alcohols.  With  secondary  and  tertiary  butyl  alcohols  the  re- 
sults were  different. 

Secondary  Butyl  Chloride. — When  secondary  butyl  alcohol 
was  distilled  with  six  times  the  theoretical  quantity  of  con- 
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centrated  hydrochloric  acid,  the  alcohol  distilled  over  with 
the  hydrogen  chloride  which  was  given  off  when  the  acid  was 
heated,  and  no  chloride  was  obtained.  In  another  experiment 
the  solution  of  hydrochloric  acid  was  of  the  same  molar  con- 
centration as  the  hydrobromic  acid  used  in  the  preparation 
of  the  bromides;  namely,  one  having  the  specific  gravity  1.14, 
which  corresponds  to  the  composition  HCI.5H2O.  The  yield 
of  chloride  was  12  per  cent,  when  the  molecular  ratio  between 
the  alcohol  and  acid  was  i :  3.  Under  the  same  conditions 
the  yield  of  bromide  was  95  per  cent.  The  largest  yield  of 
chloride  was  obtained  when  5  grams  of  the  alcohol  were  dis- 
tilled with  90  grams  of  the  constant-boiling  mixture  of  hydro- 
chloric acid  and  water  (sp.  gr.  i.io).  This  was  50  per  cent. 
By  adding  potassium  hydroxide  to  the  aqueous  part  of  the 
distillate,  2.5  cc.  of  alcohol  were  recovered.  When  this  was 
returned  to  the  flask  and  the  distillation  continued,  enough 
chloride  was  obtained  to  make  the  total  yield  72  per  cent  of 
the  theoretical.  The  reason  for  the  greater  efficiency  of  the  dilute 
acid  in  preparing  the  chloride  is  probably  the  fact  that  when 
it  is  used  the  mixture  can  be  brought  to  a  higher  temperature 
without  loss  of  alcohol  than  can  be  done  when  the  acid  is  a 
concentrated  solution. 

Tertiary  Butyl  Chloride. — ^When  5  grams  of  tertiary  butyl 
alcohol  and  37  grams  of  concentrated  hydrochloric  acid  were 
mixed,  the  chloride  separated  immediately.  On  distillation 
the  yield  of  the  chloride  was  94  per  cent. 

Simmons  Collegk, 
Boston,  Mass. 


INTRAMOLECULAR  CONDENSATION  OF  PHTHAL- 
ANILIC  ACID  AND  OF  CERTAIN  ALLIED  COM- 
POUNDS. II. 

By  J.  Bishop  Tingle  and  B.  F.  Lovelace. 
THEORETICAL. 
In  a  paper  published  recently  by  Tingle  and  Cram*  it  was 
shown  that  succinanilic  acid, 

1  This  Journal,  37,  596  (1907). 
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CH2CONHC9H5 

CH2COOH 
combines  readily  with  aniline,  forming  the  anilide, 
CHjCONHCeHg 

CHjCONHCeHg* 
Phthalanilic  acid, 

/CONHCeHs  (i) 

VOOH  (2) 

on  the  other  hand,  shows  an  entirely  different  behavior.  Al- 
though it  was  found  to  be  possible  to  convert  it  into  the  anilide 
by  means  of  aniline,  yet  the  experimental  conditions  were  too 
rigid  to  be  worked  out  easily.  In  general,  the  acid,  in  pres- 
ence of  aniline  and  alcohol,  passes  over  into  phthalanil, 

.CO. 

\co/ 

The  change  is  fairly  rapid  at  the  ordinary  temperature  and 
takes  place  in  a  few  minutes  at  the  boiling  point  of  ordinary 
95  per  cent  alcohol,  i.  e.,  at  about  100°  below  the  melting 
point  of  phthalanilic  acid.  We  have  continued  the  work  of 
Tingle  and  Cram  and  we  believe  that  our  results  indicate  rather 
clearly  the  essential  mechanism  of  this  interesting  condensa- 
tion. Our  work  has  also  opened  up  a  further  field  for  research, 
but,  as  we  cannot  continue  the  investigation  together,  we 
give,  in  the  present  paper,  an  account  of  our  joint  results, 
leaving  the  continuation  of  the  research  to  the  senior  author. 

That  phthalanilic  acid  should  eliminate  water  and  pass 
into  phthalanil  at  its  melting  point  is,  of  course,  exactly  what 
would  be  expected,  but  why  should  it  do  so  at  the  ordinary 
temperature,  or  even  at  65°?  From  some  of  the  experiments 
of  Tingle  and  Cram^  it  might  at  first  appear  that  the  alcohol 
played  an  active  part  in  the  reaction,  because,  in  several  ex- 
periments, it  was  found  that  phthalanilide  could  be  obtained 
by  heating  aniline  with  phthalanilic  acid  alone.  This  idea 
was  disproved  in  two  ways.     It  was  discovered  that  under  ex- 

1  Loc.  cit.,  pp.  601,  602. 
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perimental  conditions  apparently  identical  with  the  former, 
though  they  must,  of  course,  have  differed  slightly,  we  could 
obtain  phthalanil  from  phthalanilic  acid  and  aniline.  On 
the  other  hand,  phthalanilic  acid  exhibits  no  change  when 
recrystallized  from  alcohol.  Apparently,  therefore,  the  alco- 
hol simply  acts  as  a  solvent  and  serves  to  bring  the  reacting 
materials  into  closer  contact. 

Considering  next  the  aniline.     It  is  evident  that  it  might 
attack  the  acid  in  three  ways,  as  follows:     (i)  The  carboxyl 
group  might  react  so  as  to  yield  aniline  phthalanilate, 
.CONHCeH, 

'"^COONHgCeHs* 
By  means  of  a  model  it  can  be  shown  that  this  substance 
might  well  prove  to  be  considerably  less  stable  than  the  parent 
acid  and,  therefore,  that  it  could  more  easily  eliminate  water 
and  aniUne.  (2)  The  aniline  might  react  with  the  carbonyl 
group,  yielding  the  ortho  compound, 

,0H 


C— NHCeHg 


^«"*\     ^NHCeHg- 
^COOH 
Such    a    substance    would    also    probably    be    unstable.     (3) 
Both    of   the    above    reactions    might   occur    simultaneously, 
yielding  the  salt  of  the  ortho  compound, 
,0H 


X-1 


-NHCeHs 
%     \NHCeH5     • 
\cOONH3CeH, 
It  appeared  to  us  that  the  above  hypotheses  could  be  easily 
tested  by  treating  phthalanilic  acid  with  a  tertiary  base,  such 
as  pyridine  or  quinoline.     These,  of  course,  would  not  attack 
the  carbonyl  group  but,  if  they  reacted  at  all,  could  form  only 
a  salt.     As  is  fully  described  in  the  experimental  portion  of 
this  paper,  it  was  found  that  each  of  these  bases  reacts  with 
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phthalanilic  acid  as  readily  as  does  aniline  and  under  similar 
conditions,  yielding,  quantitatively,  phthalanil. 

We  think  that  this  proves  clearly,  and  in  a  decisive  manner, 
that  the  first  of  the  above  hypotheses  regarding  the  mecha- 
nism of  the  inner  condensation  of  phthalanilic  acid  is  the  cor- 
rect one. 

Although  the  problem  of  chief  interest  to  us  was  solved 
in  this  manner,  we  thought  that  it  would  be  worth  while  to 
continue  the  investigation  in  two  directions.  On  the  one 
hand,  we  desired  to  determine  the  effect,  if  any,  of  a  change 
in  the  nature  of  the  added  base,  i.  e.,  to  ascertain  if  other  bases 
acted  like  aniline,  pyridine,  and  quinoline.  On  the  other 
hand,  we  wished  to  observe  the  effect  on  the  reaction  of  sub- 
stituting the  phenyl  of  phthalanilic  acid  by  other  groups. 
Although  the  experiments  which  we  had  planned  could  not 
be  completed,  we  think  that  the  results  which  we  have  ob- 
tained are  of  sufficient  general  interest  to  justify  the  continu- 
ance of  the  work. 

Experiments  with  Phthal-jS-naphthylamidic  Acid, 


^a/!^  ,  m.  p.  200°. 


Co    ,. 

^COOH 

At  65°  aniline  acts  on  this  acid  rather  slowly.  Treatment 
with  cold  95  per  cent  alcohol  separates  the  unchanged  acid. 
From  the  solution,  crystals  are  obtained  consisting,  apparently, 
of  impure  phthalanil. 

At  100°  the  action  is  much  more  rapid.  Two  crystalline 
compounds  are  separated  by  means  of  alcohol.  The  one  ap- 
pears to  be  phthalanil  and  the  other  phthalnaphthylimide, 


.COs 
^CO^' 


Quinoline  is  without  visible  action   on   the   acid   at   65°, 
under   the  experimental  conditions  which  we   employed.     At 
100°  a  quantitative  yield  of  phthal-/3-naphthylimide  is  formed. 
Pyridine   reacts   exactly   like   quinoline   at    ioo°.     No   ex- 
periments were  made  with  it  at  lower  temperatures. 
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^-Naphthylamine. — In  consequence  of  its  relatively  high 
melting  point,  this  base  was  used  in  benzene  solution.  At 
65°  the  acid  was  not  changed.  At  100°  a  portion  of  the 
original  material  was  recovered,  the  remainder  being  con- 
verted into  a  crystalline  compound  melting  and  decompos- 
ing at  250°.  It  is  probably  phthaldi-/?-naphthylamide, 
/CONHC10H7 

\CONHCioH, 
Benzylamine. — Experiments  with  this  base  were  carried 
out  at  65°,  100°,  and  i50°-2oo°.  In  all  cases  apparently 
the  same  product  is  obtained.  From  experiments  which  are 
described  later  in  this  paper,  there  can  be  Uttle  doubt  that 
it  is  phthaldihenzylamide, 

/CONHCHaCeHg 

\CONHCH2ceH5 

It  crystallizes  with  great  ease  and  melts  at  178°-! 79°.  These 
results  will  be  referred  to  later. 

Experiments  with  Phthalhenzylamidic  Acid, 
/CONHCHjCeHs 
CgH  /  ,  m.  p.  134°. 

\COOH 

Aniline,  at  65°,  yields  chiefly  phthalbenzylimide, 

.CO. 
CeH,/        ^NCHAHg, 

together  with  a  small  quantity  of  crystals  melting  at  177°. 
This  latter  is  probably  the  dibenzylamide  mentioned  above. 

Quinoline  failed  to  react  at  65°.  At  100°  a  quantitative 
yield  of  the  benzylimide  is  obtained. 

Pyridine,  at  65°,  gave  crystals  which  melted  at  119°  and 
were  not  further  investigated.  At  100°  the  yield  of  phthal- 
benzylimide was  quantitative. 

^-Naphthylamine  appears  to  be  without  action  at  65°. 
At  100°  two  crystalline  products  were  obtained,  but  time 
was  not  available  for  their  purification.  The  one  undoubt- 
edly consisted  chiefly  of  unchanged  naphthylamine  and  the 
other  appeared  to  contain  phthal-/?-naphthylimide. 
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Benzylamine. — The  results  obtained  with  this  base  were  of 
special  interest  to  us  because  of  the  light  which  they  threw 
on  the  course  of  the  experiments  with  benzylamine  and  phthal- 
^-naphthylamidic  acid.  The  reaction  took  place  with  prac- 
tically equal  ease  at  65°  and  at  100°,  and  yielded  the  same 
product,  which  we  believe  to  be  phthaldibenzylamide, 

/CONHCHAHs 
CeH  / 

\CONHCH2CeH5 

This  conclusion  is  based  not  only  on  the  conditions  under 
which  it  was  formed,  but  also  on  the  analysis  and  on  the  fact 
that  the  substance  is  not  changed  by  the  action  of  alcoholic 
sodium  hydroxide  at  the  ordinary  temperature. 

The  results  described  above,  although  very  incomplete,  are 
sufficient  to  demonstrate  that  the  instability  of  phthalanilic 
acid,  in  presence  of  aniline,  is  not  peculiar  to  it,  but  is  a  general 
property  of  the  acids  of  that  series  and  is  brought  about  by 
the  presence  of  bases  other  than  aniline.  Tertiary  bases 
act  as  readily  as  primary  ones,  consequently  the  change  to 
the  imide  must  be  due,  primarily,  to  salt  formation.  It  is 
also  evident  that  the  course  of  the  reaction  is  greatly  influ- 
enced by  the  nature  of  the  amine  employed  and  also  by  that 
of  the  substituted  amidic  group  which  is  present.  It  would 
appear  that  the  chief  factor  in  the  result  is  the  more  or  less 
strongly  positive  nature  of  the  participating  groups.  On 
these  points  it  is  hoped  to  throw  additional  light  by  subsequent 
work. 

EXPERIMENTAL. 

Our  experiments  were  carried  out  essentially  in  the  man- 
ner described  by  Tingle  and  Cram.^  The  acid  under  exam- 
ination was  mixed  with  the  base  in  question,  provided  the 
latter  was  a  liquid,  otherwise  benzene  was  used  as  a  solvent. 
The  heating  was  carried  out  in  a  large  water  bath,  which, 
with  very  Uttle  trouble,  could  be  maintained  practically  con- 
stant at  65°.  In  the  case  of  the  experiments  at  100°,  the  water 
was,  of  course,  boiled  briskly.  The  experiments  are  strictly 
comparable  as  regards  conditions,  because  a  considerable 
number  of  them  were  carried  out  simultaneously. 

1  Loc.  cit. 
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Phthalanilic  Acid  and  Aniline. — These  were  mixed  with 
the  base  in  excess  and  heated  at  65°  during  ten  minutes. 
The  product  was  treated  with  95  per  cent  alcohol  and  the 
residue  was  found  to  consist  of  practically  pure  phthalanil, 
m.  p.  203°. 

Similar  experiments  were  carried  out  with  quinoline  and 
also  with  pyridine,  with  exactly  similar  results.  As  stated 
in  the  theoretical  portion  of  this  paper,  these  experiments 
show  that  the  transformation  must  be  due  to  salt  formation 
and  not  to  an  attack  on  the  carbonyl  group  of  the  acid. 
Experiments  with  Phthal-^-naphthylamidic  Acid, 
/CONHCioH, 

\COOH 

Phthalic  acid,  or  the  anhydride,  was  heated  with  an  equi- 
molecular  proportion  of  ^-naphthylamine,  in  an  oil  bath, 
until  steam  almost  ceased  to  be  evolved.  The  residue  was 
then  distilled  rapidly  with  a  free  flame  and  the  solidified  dis- 
tillate pressed  on  a  porous  plate.  Without  further  purifica- 
tion this  phthal-/3-naphthylimide  was  treated  with  alcoholic 
potassium  hydroxide,  in  slight  excess.  Rather  concentra- 
ted alkali  was  employed,  but  the  exact  concentration  was  not, 
apparently,  a  matter  of  much  importance.  The  clear  solu- 
tion was  diluted  with  a  little  water  and  acidified  with  concen- 
trated hydrochloric  acid.  After  cooling,  a  small  portion  of 
the  liquid  was  filtered  and  tested  with  more  acid.  If  no 
further  precipitate  was  produced  the  amidic  acid  was  filtered, 
washed  with  a  little  water,  and  recrystallized  once,  generally 
from  benzene.  The  yield  was  almost  quantitative.  Unless 
otherwise  stated,  the  time  of  heating  the  amidic  acid  with  the 
base,  in  the  experiments  described  below,  was  always  two 
and  one-half  hours,  the  other  details  being  similar  to  those 
described  for  phthalanilic  acid. 

Aniline. — At  65°,  the  residue  insoluble  in  alcohol  consisted 
of  unchanged  acid,  melting  and  decomposing  at  201°.  The 
alcoholic  solution,  on  standing,  deposited  crystals  melting 
at  1 75°- 1 90°.  It  did  not  decompose  at  220°  and  appeared 
to  be  impure  phthalanil.  The  quantity  was  too  small  for 
complete  purification. 
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The  portion  insoluble  in  alcohol  crystallized  without  difficulty 
at  100°  and  melted  at  201°, but  did  not  undergo  decomposition. 
Analysis : 

Calculated  for 
/CO. 
C6H4<         >NC6H6.  Found. 

N  6.29  6.54 

It  appears,  therefore,  to  be  phthalanil,  m.  p.  205°.  The 
product  insoluble  in  alcohol  crystalhzed  readily  and  melted 
at  216°,  the  melting  point  of  phthal-/?-naphthylimide. 

Quinoline. — At  65°,  the  only  compound  which  could  be 
isolated,  in  presence  of  this  base,  was  the  unchanged  acid. 
At    100°,   a  practically   quantitative   yield   of   phthal-^-naph- 

thylimide,  CgH^/        NnCiqH      was  obtained.     It   melted   at 

215°  and  agreed  in  properties  with  the  description  of  the 
compound  given  in  the  literature. 

Pyridine. — In  view  of  the  behavior  of  quinoline,  it  appeared 
to  be  hardly  worth  while  to  carry  out  experiments  with  this 
base  at  65°.  At  100°  the  acid  was  transformed,  apparently 
quantitatively,  into  phthalyl-/?-naphthylimide. 

^-Naphthylamine. — Owing  to  its  being  a  solid,  the  experi- 
ments with  this  base  were  made  in  benzene  solution.  At 
65°  the  acid  was  recovered  unchanged.  In  the  experiments 
carried  out  at  100°  the  product  remaining  after  evaporation 
of  the  benzene  was  treated  with  cold,  dilute  hydrochloric  acid 
and  the  residue  washed  with  alcohol.  The  insoluble  portion 
consisted  of  unchanged  acid.  The  alcoholic  solution  de- 
posited crystals  which  melted  and  decomposed  at  250°.  They 
consisted  probably  of  phthaldi-^-naphthylamide, 

/CONHC10H7 
CeH  / 

\CONHC10H7 

Benzylamine. — At  65°  a  crystalline  compound  was  obtained 
from  the  alcoholic  washings.  It  melted  and  decomposed 
at  176°  and  was,  apparently,  identical  with  the  compound 
formed  at  100°.  In  the  case  of  the  experiments  at  100°, 
only  one   compound   could   be   distinguished  with  certainty. 
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The  residue  which  was  not  dissolved  in  alcohol  melted  and 
decomposed,  after  recrystaUization,  at  174°.  It  will  be  further 
investigated.  The  solution  deposited  colorless  needles, 
which  melted  at  178°-! 79°.     Analysis: 

Calculated  for 
/CONHCHaCeHs 
C6H4'  .  Found. 

^CONHCHjCgHB 

N  8.14  8.08 

In  one  experiment  the  materials  were  inadvertently  heated 
to  about  i50°-2oo°.  The  chief  product  consisted  of  the  com- 
pound just  described,  m.  p.  178°-! 79°.  In  addition,  there 
was  obtained  from  the  alcoholic  washings  a  small  quantity 
of  a  crystalline  compound.  It  melted  at  165°  and  was  not 
obtained  in  quantity  sufficient  for  further  examination. 

Analysis : 

Found. 

N  8.69 

Experiments  with  Phthalbenzylamidic  Acid, 
/CONHCHjCeHg 
CfiH/  ,  m.  p.  i54°- 

VOOH 

This  acid  was  prepared  from  phthalic  acid  and  also  from 
phthalic  anhydride  and  benzylamine,  in  exactly  the  same 
manner  as  the  ^-naphthylamine  derivative.  Its  properties 
agreed  closely  with  those  described  in  the  literature,  and  the 
yield  was  practically  quantitative. 

Aniline. — At  65°  there  was  obtained  a  crystalline  residue 
from  the  alcohol  which  melted  at  177°.  The  quantity  was 
too  small  for  further  purification,  but  the  substance  is  proba- 
bly the  dibenzylamide.  The  alcoholic  solution  deposited 
crystals  of  phthalbenzylimide, 
.CO. 
CeH,<^      ^NCHAHs, 

which  melted  at  116°  and  agreed  in  properties  with  the  de- 
scription of  this  compound  which  is  given  in  the  Hterature. 

The  experiments  at  100°  resulted  in  the  production  of  a 
clear  liquid.     The  addition  of  alcohol  caused  the  formation 


Condensation  of  Phthalanilic  Acid.  651 

of  crystals,  which  melted  at  io8°-iio°.  On  allowing  the  fil- 
trate to  stand  other  crystals  were  obtained,  melting  at  166 °- 
169°.  Time  was  lacking  for  the  purification  and  identifica- 
tion of  these  compounds. 

Quinoline. — Apparently  the  acid  is  not  changed  by  this 
base  at  65°.  At  100°  it  is  converted,  quantitatively,  into 
phthalbenzylimide , 

.CO. 

c,h/     >nchah,. 

Pyridine. — After  heating,  at  65°,  the  product  was  liquid; 
a  little  alcohol  failed  to  produce  a  precipitate,  consequently 
a  small  quantity  of  water  was  added.  Crystals,  melting  at 
119°,  were  formed,  but  were  not  further  investigated.  At 
100°  a  quantitative  yield  of  phthalbenzylimide  was  obtained. 

^-Naphthylamine. — The  experiments  with  this  base  were 
carried  out  in  benzene  solution.  At  65°  the  acid  underwent 
no  change.  At  100°  two  substances  were  obtained  in  very 
small  quantity.  The  portion  insoluble  in  alcohol  melted  at 
1 80°- 1 85°  and,  apparently,  consisted  of  impure  /3-naphthyl- 
imide.  The  crystals  deposited  from  the  alcoholic  liquid 
melted  at  9o°-ioo°  and  appeared  to  be  impure  |5-naphthyl- 
amine. 

Benzylamine. — Only  one  compound  was  isolated  in  the 
course  of  the  experiments  with  this  base.  It  was  found  in 
the  residue  from  the  alcoholic  extraction  and  also  in  the  alco- 
holic solution  in  the  case  of  the  experiments  carried  out  at 
65°  and  also  with  those  made  at  100°.  It  crystallizes  readily, 
melts  at  i78°-i79°,  and  is  identical  with  the  compound  of 
the  same  melting  point  prepared  by  the  action  of  benzylamine 
on  phthal-/?-naphthylamidic  acid  (cf.  p.  650).  These  varied 
modes  of  formation,  its  content  of  nitrogen,  and  our  knowl- 
edge of  the  other  derivatives  of  benzylamine  and  phthalic 
acid  indicate,  with  practical  certainty,  that  the  compound 
in  question  is  phthaldibenzylamide, 

/CONHCH2C9H5 
CeH/ 

^CONHCH^CeHj 
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Confirmation  of  this  formula  was  found  in  its  behavior  to- 
wards sodium  hydroxide.  When  treated  with  aqueous-alco- 
holic sodium  hydroxide  it  was  not  visibly  changed.  The 
mixture  was  filtered  and  the  filtrate  acidified  with  hydrochloric 
acid.  No  precipitate  was  formed  and  the  residue,  after  be- 
ing washed  with  water  and  dried,  melted  at  the  same  tem- 
perature as  before  the  treatment  with  alkali.  Apparently, 
therefore,  the  substance  is  not  a  salt  of  phthalbenzylamidic 
acid. 

The  work  described  in  the  preceding  pages  was  carried  out 
at  the  Johns  Hopkins  University.  It  will  be  continued  and 
extended  under  the  supervision  of  the  senior  author  in  the 
Chemical  Departm.ent  of  this  University  during  the  coming 
academic  year. 

McMaster  University, 

Toronto,  Canada, 

July,  1907. 

OBITUARY. 

WILBUR   OLIN   ATWATER. 

Wilbur  Olin  Atwater,  the  son  of  a  Methodist  clergyman 
well  known  in  New  England,  was  bom  in  Johnsburg,  N.  Y., 
May  3,  1844,  and  died  at  his  home  in  Middletown,  Conn., 
September  22,  1907,  after  an  illness  of  nearly  three  years. 
During  much  of  this  period  of  illness  he  was  able  to  follow 
to  a  considerable  degree  the  progress  which  was  made  in  the 
lines  in  which  he  was  interested,  but  was  unable  to  take  part 
in  work  of  any  kind. 

He  received  his  academic  training  at  the  University  of  Ver- 
mont and  Wesleyan  University,  Middletown,  Conn.,  being 
graduated  from  the  latter  institution  in  1865.  During  a  period 
of  post-graduate  study  at  Yale  University,  which  led  to  the 
doctor's  degree  in  1869,  he  was  associated  with  Professors 
Johnson  and  Brewer  and  had  his  attention  called  to  agricul- 
tural chemistry  and  the  great  opportunities  this  subject  of- 
fered to  investigators.  With  an  insight  which  characterized 
him  throughout  his  career,  he  recognized  the  future  possibili- 
ties of  such  work,  and  from  1869  to  187 1  he  studied  agricul- 
tural and  physiological  chemistry  in  the  Universities  of  Leip- 
sic  and  Berlin.  His  career  as  a  college  teacher  began  imme- 
diately after  his  return  from  Europe  at  the  University  of  Ten- 
nessee and  Maine  State  College,  and  he  was  called  to  Wes- 
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leyan  University  in  1873,  where  he  held  a  professorship  of 
chemistry  for  over  thirty  years.  The  first  State  Agricultural 
Experiment  Station  in  the  United  States  was  organized,  largely 
through  his  efforts,  in  Connecticut  in  1875,  and  he  was  made 
its  first  director.  Interest  in  the  experiment  station  move- 
ment spread  rapidly,  and  the  passage  by  Congress,  in  1887, 
of  the  Hatch  Act  made  possible  the  establishment  of  such  a 
station  in  every  State  and  Territory. 

In  1894-5  Congress  made  special  appropriations  for  nutri- 
tion investigations  under  the  auspices  of  the  Office  of  Experi- 
ment Stations,  and  the  extended  series  of  publications  which 
have  reported  this  work  shows  what  a  large  contribution 
Professor  Atwater  and  his  associates  have  made  to  this  im- 
portant subject. 

FamiHarity  with  the  Pettenkofer-Voit  respiration  appara- 
tus, gained  during  his  stay  at  Munich,  led  Professor  Atwater 
to  undertake  the  construction  of  a  similar  device,  which  should, 
however,  include  the  determination  of  income  and  outgo  of 
energy  in  addition  to  the  income  and  outgo  of  matter,  and  the 
respiration  calorimeter,  which  was  developed  by  him  and  his 
associates,  is  unrivaled  in  its  class  as  an  instrument  of  pre- 
cision, useful  for  the  study  of  a  very  large  variety  of  problems 
connected  with  physiology  and  nutrition  of  man  and  animals. 
The  bomb  calorimeter  and  the  methods  of  its  use  were,  also, 
materially  improved  under  his  direction. 

Professor  Atwater's  aid  was  often  sought  in  the  study  of 
nutrition  problems.  As  instances  may  be  mentioned  the 
extended  investigations  of  dietetic  problems  undertaken 
for  the  New  York  State  Commission  in  Lunacy,  studies  of 
the  nutritive  values  of  alcohol  carried  on  for  the  Committee 
of  Fifty  to  Investigate  the  Liquor  Problem,  and  the  series 
of  investigations  undertaken  for  the  Carnegie  Institution  of 
Washington. 

Professor  Atwater  was  a  member  of  many  learned  socie- 
ties and  received  many  honors  in  the  United  States  and  Europe. 
His  influence  on  the  development  of  agricultural  education 
and  research  in  this  country  and  on  the  study  of  human  nutri- 
tion has  been  of  very  great  and  permanent  value. 

The  establishment  of  the  Office  of  Experiment  Stations 
in  the  U.  S.  Department  of  Agriculture,  as  a  central  agency 
for  promoting  the  interests  of  the  stations,  quite  naturally 
followed  and  Professor  Atwater  mas  made  its  first  director. 
That  this  Bureau  has  in  later  years  followed,  with  great  suc- 
cess, the  general  policies  laid  down  by  Professor  Atwater 
is  a  proof  of  his  wisdom  and  foresight. 

A  long  list  of  articles  in  scientific  and  popular  journals,  in 
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publications  of  the  Connecticut  Storrs  Experiment  Station 
and  the  United  States  Department  of  Agriculture,  etc.,  shows 
the  contribution  which  Professor  Atwater  has  made  to  the 
development  of  agricultural  chemistry  and  agricultural  edu- 
cation. 

Parallel  with  his  studies  in  agricultural  chemistry.  Profes- 
sor Atwater  began  early  in  his  career  to  carry  on  investiga- 
tions in  physiological  chemistry,  with  special  reference  to 
problems  of  human  nutrition.  Among  his  more  important 
earlier  work  may  be  mentioned  "Studies  of  Chemical  Com- 
position and  Nutritive  Value  of  American  Food  Fishes  and 
Invertebrates,"  undertaken  for  the  U.  S.  Commissioner  of 
Fish  and  Fisheries,  and  the  work  undertaken  for  the  Smith- 
sonian Institution  and  the  Massachusetts  Bureau  of  Statis- 
tics of  Labor.  In  this  and  later  work,  experimental  methods 
were  evolved  and  Unes  of  research  outlined  which  have  be- 
come generally  adopted. 

In  1882-3  he  devoted  considerable  time  at  the  Universities 
of  Munich  and  Heidelberg  to  famiharize  himself  with  Ger- 
man methods  of  studying  nutrition  problems,  and  later  made 
the  study  of  human  nutrition  an  important  part  of  the  work 
of  the  Storrs  Agricultural  Experiment  Station,  of  which  he 
was  for  many  years  the  director. 

A.  C.  True. 

REVIEWS. 

Post's  Chemisch-technische  Analyse  unter  Mitwirkung  von 
GelEhrten,  in  dritter  vermehrter  u.  verbesserter  Auflage.  Von 
Prof.  Dr.  Bernhard  Neumann,  in  Darmstadt.  Erster  Band,  Zweites 
Heft.  Braunschweig:  F.  Vieweg  und  Sohn.  1907.  pp.  181-488. 
Price,  M.  7.50. 

This  contains  Chapters  V  (84  pp.),  upon  Illuminating 
Gas,  by  Dr.  Julius  Becker,  Frankfort  a/M;  VI  (24  pp.), 
upon  Calcium  Carbide  and  Acetylene,  by  Professor  Dr.  J.  H. 
Vogel,  Berlin;  VII  (112  pp.),  by  Professor  C.  Engler,  Carls- 
ruhe,  and  Dr.  Leo  Ubbelohde,  Berlin,  on  Petroleum,  Tar  Oils, 
Asphalt,  and  Similar  Bodies;  VIII  (87  pp.),  by  Dr.  W.  Fahrion, 
Hochst  a/M,  on  Fats  and  Fatty  Oils,  Glycerine,  Soaps,  and 
Candles. 

The  work  is  a  new  edition  of  the  well-known  Bolley-Bim- 
baum-Post  "Handbuch,"  which  is  similar  to  Lunge's  Chem- 
isch-technische Untersuchungsmethoden.  As  was  noted  in 
the  case  of  this  treatise,  many  of  the  collaborators  have  pub- 
lished separate  monographs  upon  their  specialties. 

While  the  variety  of  subjects  considered  is  not  as  great, 
nor  the  treatment  of  them  as  complete,  as  in  Lunge's  treatise, 
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yet  the  book  may  be  cordially  recommended  to  those  desiring 
a  clear,  concise,  and  eminently  practical  handbook,  giving 
the  very  latest  or  most  approved  methods,  apparatus,  and 
in  many  cases  references  to  the  literature  of  the  subjects  treated. 
It  has  already  been  noted  in  a  review  of  sections  of  this 
work,  which  have  been  previouly  issued,  that  the  various  parts 
may  be  separately  purchased  on  application  to  the  pub- 
lishers. A.  H.  Gill. 

A  Text-Book  of  Botany  and  Pharmacognosy.  By  Henry  Kraemer, 
Ph.B.,  Ph.D.,  Professor  of  Botany  and  Pharmacognosy  and  Director 
of  the  Microscopical  Laboratory  in  the  Philadelphia  College  of  Pharm- 
acy ;  Member  of  the  Committee  of  Revision  of  the  United  States  Pharm- 
acopoeia ;  Corresponding  Member  of  the  Soci^t^  de  Pharmacie  de  Paris, 
etc.  Illustrated  with  321  plates,  comprising  upwards  of  1500  figures. 
Second  revised  and  enlarged  edition.  Philadelphia  and  London: 
J.  B.  Lippincott  Company.     1907.     pp.  840. 

The  appearance  of  the  second  edition  of  Professor  Kraemer's 
book  will  be  welcomed  by  all  who  are  interested  in  this  sub- 
ject, either  as  students,  teachers,  or  technical  workers.  It 
is  stated  on  the  title-page  that  the  book  is  intended  for  stu- 
dents of  pharmacy,  as  a  reference  book  for  pharmacists,  and 
as  a  handbook  for  food  and  drug  analysts.  It  is  admirably 
suited  to  all  three  purposes.  It  is  most  convenient  to  have 
in  small  compass  such  an  authoritative  work  in  this  branch 
of  pharmacy. 

The  principal  value  of  the  book  lies  in  the  treatment  of  the 
botanical  side  of  the  subject  and  especially  in  the  microscop- 
ical plates.  So  far  as  the  chemical  aspect  of  the  subject  is 
concerned  no  special  features  are  to  be  noted,  the  material  being 
treated  in  the  usual  unattractive  routine  manner. 

A  key  for  the  identification  of  powdered  vegetable  drugs 
and  foods  and  a  description  of  the  distinguishing  histological 
elements  of  such  powders,  covering  over  100  pages,  will  proba- 
bly prove  very  helpful  and  furnish  excellent  exercises  for  stu- 
dents of  pharmacy.  a.  s.  l. 

The  Temple  Cyclopaedic  Primers.  Modern  Chemistry,  Theoretical 
AND  Systematic.  By  William  Ramsay,  D  Sc.  New  York :  Mac- 
millan  Co.      1907. 

This  is  a  new  edition,  in  one  volume,  of  the  two- volume 
primer  which  was  published  in  1900.  A  few  paragraphs  on 
radium  are  added  to  the  text,  otherwise  there  seem  to  be 
no  changes. 

Sir  WiUiam  Ramsay  has  condensed  so  much  matter  in  this 
little  volume  and  has  expressed  it  so  clearly  that  it  is  an  ex- 
cellent book  for  a  student  to  study  in  reviewing  his  work. 
For  a  layman  it  would  be  difficult  reading.  E.  R. 
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Outlines  of  Industrial  Chemistry.  A  Text-book  for  Students.  By 
Frank  Hall  Thorp,  Ph.D.,  Assistant  Professor  of  Industrial  Chem- 
istry in  the  Massachusetts  Institute  of  Technology.  Second  edition, 
revised  and  enlarged  and  including  a  chapter  on  Metallurgy  by  Charles 
D.  Demond,  S.B.,  Testing  Engineer  of  the  Anaconda  Copper  Mining 
Company.     New  York:  Macmillan  Company.     1907. 

This  is  not  a  tiew  edition,  but  merely  a  new  impression  of 
the  second  edition  of  1905,  which  was  reviewed  in  This  Jour- 
nal.^ 

That  a  reprint  should  be  required  so  soon  shows  that  this 
valuable  book  is  deservedly  well  received.  E.  R. 

A  Text-Book  of  Electrochemistry.  By  Max  Le  Blanc,  Professor 
in  the  University  of  Leipzig.  Translated  from  the  Fourth  Enlarged 
German  Edition  by  Willis  R.  Whitney,  Ph.D.,  Director  of  the  Re- 
search Laboratory  of  the  General  Electric  Company,  and  John  W. 
Brown,  Ph.D.,  Director  of  the  Research  and  Battery  Laboratory  of 
the  National  Carbon  Company.  New  York:  The  Macmillan  Com- 
pany; London:  The  Macmillan  Co.,  Limited.  1907.  pp.  338.  Price, 
$2.60  net. 

That  this  book  contains  a  large  amount  of  valuable  ma- 
terial, systematically  arranged  and  logically  discussed,  is 
clearly  recognized  by  every  one.  It  has  undoubtedly  con- 
tributed its  share  to  the  development  of  modem  electro- 
chemistry. All  things  considered,  this  is  probably  the  best 
elementary  work  on  electrochemistry  that  has  ever  been 
written. 

The  book,  however,  contains  some  defects,  to  which  it  seems 
only  fair  to  call  attention.  The  headline  on  page  40,  "The 
Rise  and  Fall  of  the  Electrochemical  Theory  of  Berzelius," 
does  not  give  quite  the  status  of  this  theory  at  present.  It 
omits  entirely  the  recent  work  of  J.  J.  Thomson,  which  shows 
that  the  objection  to  the  electrochemical  theory  of  Berzelius, 
based  upon  the  chemical  resemblance  between  acetic  acid 
and  trichloracetic  acid,  is  without  the  slightest  foundation  in 
fact.  Indeed,  as  Thomson  shows,  this  resemblance  in  chem- 
ical properties  is  in  perfect  accord  with  the  theory  and  a  neces- 
sary consequence  of  it. 

In  discussing  transference  numbers,  it  is  a  little  surprising 
that  the  old  apparatus  of  Nernst  and  Loeb  should  have  been 
used  to  illustrate  the  principle  employed  when  at  least  a  half- 
dozen  better  forms  of  apparatus  have  been  devised  subse- 
quently. 

The  discussion  of  the  hydration  of  the  ions,  on  pages  78  and 
79,  is  entirely  inadequate  in  the  light  of  what  is  known  at 
present,  and  a  number  of  important  investigations  in  electro- 
chemistry are  not  dealt  with  at  all.     It  must,  of  course,  be 

1    36,  p.  96. 
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recognized  that  in  a  work  of  limited  size  many  things  of  im- 
portance have  to  be  omitted,  and  here  the  author  must  decide. 

The  best  part  of  the  work  is  that  which  deals  with  electro- 
motive force,  and  this  is  excellent. 

The  work  of  the  translator  is  admirably  done.  h.  c.  j. 

Die  Kathodenstrahlen.  Von  G.  C.  Schmidt,  Professor  der  Physik 
an  der  Universitat  Konigsberg.  Zweite  verbesserte  und  vermehrte 
Auflage.  Mit  50  eingedruckten  Abbildungen.  Braunschweig:  Druck 
und  Verlag  von  Friedrich  Vieweg  und  Sohn.     pp.  121.     1907. 

This  little  monograph  is  one  of  the  series  "Die  Wissen- 
schaft:  Sammlung  Naturwissenschaftlicher  und  Mathemat- 
ischer  Monographien."  The  subject  dealt  with  is  one  that 
has  been  brought  into  great  prominence  in  the  last  few  years, 
especially  by  the  work  of  J.  J.  Thomson  on  the  electron.  An 
idea  of  the  scope  of  this  booklet  can  be  gained  from  the  follow- 
ing headings,  which  are  taken  from  the  contents:  Apparatus 
for  the  Production  of  Cathode  Rays;  The  Discharge  in  Dilute 
Gases — Cathode  Rays;  Change  of  the  Cathode  Rays;  Cathode 
Rays  in  Electromagnetic  and  Electrostatic  Fields ;  Energy  and 
Velocity  of  the  Cathode  Rays;  The  Zeeman  Effect;  Deter- 
mination of  E  and  M;  Apparent  Mass  of  the  Cathode  Parti- 
cles; Production  of  Fluorescence  by,  and  the  Chemical  Action 
of,  the  Cathode  Rays;  Reflection,  Absorption,  and  Spectrum 
of  the  Cathode  Rays,  Canal  Rays,  etc. 

The  monograph  is  clearly  written  and,  for  a  very  elemen- 
tary treatment  of  the  subject,  can  be  recommended. 

H.  c.  J. 

Theories  of  Chemistry,  being  lectures  delivered  at  the  University  of 

.  California,   in  Berkeley.     By  SvanTE   Arrhenius,    Director   of   the 

Nobel    Institute,  Stockholm.     Edited    by  T.  Slater  Price,   D.Sc, 

Ph.D.,  F.I.C.     London,  New  York,  Bombay  and  Calcutta  :  Longmans, 

Green  &  Co.     1907.     pp.  212. 

As  the  German  translation  of  this  work  has  recently  been 
reviewed  in  This  Journal,^  it  only  remains  to  call  attention  to 
the  appearauce  of  the  English  version.  h.  c.  j. 

Monographien  uber  angewandte  Ei,ektrochemie.  Voi,.  XXVII. 
iJBER  die  blektrolytische  gewinnung  von  Brom  und  Iod.  Von 
Dr.  Ing.  Max  SchloTTER.  Mit  18  Abbildungen.  Halle  a.  S.  : 
Knapp.     1907.     pp.  50.     Price,  M.  2.40. 

As  there  is  not  much  to  be  said  of  the  electrolysis,  the  author 
also  gives  the  chemical  methods,  as  well  as  much  interesting 
information  as  to  the  present  state  of  the  bromine  and  iodine 
industries,  some  of  which  may  be  new  to  readers  of  This  Jour- 
nal- 

1  36,  523  (1906). 
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Bromine  is  produced  in  Germany  from  camallite,  as  a  sec- 
ondary product  in  the  Stassfurt  potash  industry,  and  in  Mich- 
igan, Ohio,  and  West  Virginia  from  the  mother  hquors  of  cer- 
tain salt  works ;  it  is  obtained  either  by  electrolysis  or  by  the 
action  of  chlorine  on  bromides,  both  in  Germany  and  America. 
At  Stassfurt  measured  volumes  of  liquefied  chlorine  are  used 
with  measured  volumes  of  the  bromide  solution,  to  avoid  an 
excess  of  chlorine,  which  leads  to  the  formation  of  the  chloride 
of  bromine.  One  liter  of  chlorine,  sp.  gr.  1.33,  sets  free  3  kilos 
of  bromine.  In  Germany,  the  camallite  mother  liquors  con- 
sist chiefly  of  magnesium  chloride  and  bromide.  The  Mich- 
igan mother  liquors  are  chiefly  alkali  halides,  but  contain 
10-15  times  as  much  bromine  as  the  Stassfurt  hquors.  In 
some  of  the  German  potash  works  the  electrolytic  process 
was  given  up  because  it  was  cheaper,  under  existing  condi- 
tions, to  utilize  the  chlorine  resulting  from  the  electrolysis  of 
potassium  chloride  or  potassium  hydroxide  to  break  down 
the  bromides  of  the  camallite  mother  liquors  than  to  market 
the  chlorine  and  make  bromine  by  electrolysis. 

In  1905,  596  tons  of  bromine  were  made  in  the  United  States 
and  700  tons  in  Germany. 

Iodine  Industry. — In  1905  Chili  produced  300  tons  of  iodine 
from  Chili  saltpetre,  Scotland  and  Ireland  produced  130  tons, 
Japan  90,  France  50,  and  Norway  24,  from  kelp.  The  mother 
liquors  of  Chili  saltpetre  contain  about  22  per  cent  of  sodium 
iodate,  and  are  treated  in  lead-lined  vats  with  a  solution  of 
mono-  and  disodium  sulphite, 

2NaI03  -I-  3Na2S03  +  2NaHS03     -     5Na2S04  +  I2  +  H^O. 
The  cmde  iodine  is  sublimed  and  is  then  about  98  per  cent 
pure. 

Seaweed  is  no  longer  treated  by  the  old  wasteful  methods. 
Some  processes  are  based  on  the  fact  that  if  the  fresh  seaweed 
is  fermented  until  it  begins  to  rot,  in  the  fermentation  alka- 
line sulphides  and  hydrogen  sulphide  are  formed  from  organic 
sulphur  compounds ;  the  hydrogen  sulphide  reduces  the  organic 
iodine  compounds  to  hydriodic  acid,  which,  in  turn,  acts  on 
the  alkaline  sulphides,  forming  alkali  iodides,  which  do  not 
volatiHze  when  the  weed  is  burned.  The  water  formed  in 
the  fermentation  also  contains  dissolved  iodides.  It  is  claimed 
that  these  improvements  have  tripled  the  yield  from  weed. 

Electrolytic  processes  for  obtaining  iodine  from  iodides 
have  been  patented,  but  are  not,  as  yet,  factors  in  the  pro- 
duction. E.  R. 
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CLIV.— RESEARCHES  ON  PYRIMIDINES :  SYNTHESIS  OF 
4-METHYIvURACIL-5-ACETIC  ACID. 

[twenty-eighth  paper.] 

By  Treat  B.  Johnson  and  Frederick  W.  Heyl. 

It  was  shown,  in  a  previous  paper  from  this  laboratory,^ 
that  diethyl  fonnylsuccinate  condenses  smoothly  with  pseudo- 
ethylthiourea,  giving  ethyl  2-ethylmercapto-6-oxypyrimidine-5- 
acetate  (I.).  When  this  pyrimidine  was  warmed  with  concen- 
trated hydrochloric  acid,  it  was  converted  quantitatively  into 
thymine- 5 '-carboxylic  acid   (II.) : 

NH CO  NH CO 

II  II 

CjH.SC  CCH2COOC2H,     s-^     CO        CCHjCOOH. 

II  II  I  II 

N CH  NH CH 

I.  II. 

Johnson  and  Speh:  This  Journal,  38,  602. 
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(i)  4-Methyluracil-5-acetic  acid  can  be  prepared  in  an  anal- 
ogous manner  from  pseudoethylthiourea  and  diethyl  acetosuc- 
cinate.i  They  condense,  in  presence  of  an  excess  of  alkali, 
giving  a  good  yield  of  2-ethylmercapto-4-methyl-6-oxypyrimi- 
dine-5-acetic  acid  (III.)-  The  condensation  can  be  represented 
by  the  following  equation : 

NHj  COOC.Hg 

I  I 

CjH.SC       -f  CCHaCOOC.Hg    = 

II  II 
NH          HO.CCH3 

NH CO 

I  I 

2aH,0H  +  CH.SC  CCH2COOH. 

II       II 

N CCH3 

III. 

It  is  an  interesting  fact  that  the  mercapto  acid  (III.)  is  obtained 
in  this  condensation,  instead  of  the  ethyl  ester,  as  in  the  con- 
densation with  diethyl  formylsuccinate. 

(2)  Ethylmercapto  -4-  methyl  -6-  oxypyrimidine  -5-  acetic  acid 
(III.)  was  quantitatively  converted  into  4-methyluracil-5- 
acetic  acid  (VI.)  when  digested  with  concentrated  hydrochloric 
acid.  When  an  alcoholic  solution  of  the  mercapto  acid  (III.) 
was  boiled  with  a  small  quantity  of  hydrochloric  acid  a  mixture 
of  ethyl  2-ethylmercapto-4-methyl-6-oxypyrimidine-5-acetate 
(IV.)  and  ethyl  4-methyluracil-5-acetate  (V.)  was  obtained. 
The  latter  ester  was  also  formed  by  esterifying  the  oxy- 
gen acid  (VI.)  with  ethyl  alcohol  and  sulphuric  acid.  2-Am- 
ino-4-methyl-6-oxypyrimidine-5-acetic  acid  (VII.)  was  prepared 
by  heating  2-ethylmercapto-4-methyl-6-oxypyrimidine-5-  acetic 
acid  (III.)  with  alcoholic  ammonia. 

2-Ethylmercapto-4-methyl-6-oxypyrimidine-5-acetic  acid  re- 
acts smoothly  with  phosphorus  oxychloride,  giving  2-ethyl- 
mercapto-4-methyl-6-chlorpyrimidine-5-acetylchloride  (VIII). 
This  acid  chloride  was  decomposed  immediately  by  cold  water, 
giving  2  -ethylmercapto-4-methyl-6-chlorpyrimidine-5-acetic 
acid  (XL).  2-Ethylmercapto-4-methyl-6-chlorpyrimidine-5-acet- 

>  Fittig  and  Spencer:  Ann.  Chem.  (Liebig),  283,  67. 
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amide  (IX.)  was  formed  when  the  acid  chloride  was  poured 
into  cold  alcoholic  ammonia. 

2-Ethylmercapto  -4-  methyl  -6-  chlorpyrimidine  -5-  acetic  acid 
(XI.)  is  very  stable  in  the  presence  of  ammonia.  It  was  re- 
covered unaltered  after  heating  with  alcoholic  ammonia  at  120°. 
Treatment  with  ammonia  at  i35°gave  2-ethylmercapto-4-methyl- 
6-aminopyrimidine-5-acetic  acid  (XII.).  When  heated  with 
alcoholic  ammonia  at  170°- 180°  the  mercapto  radical  was 
also  replaced  by  the  amino  group  and  2,6-diamino-4-methyl- 
pyrimidine- 5 -acetic  acid  (X.)  resulted.  These  different  trans- 
formations are  represented  by  the  formulas  on  page  662. 

4-Methyluracil-5-acetic  acid  (VI.)  is  less  soluble  in  water 
than  the  thymine-5'-carboxylicacid  (II.)  described  by  Johnson 
and  Speh.^  It  gives  characteristic  potassium,  barium,  and 
lead  salts  which  crystallize  from  water  with  water  of  crystal- 
lization. The  acid  is  not  precipitated  from  its  aqueous  solu- 
tion by  barium  chloride  or  phosphotungstic  acid.  It  can  be 
heated  with  20  per  cent  sulphuric  acid  at  153°- 173°  without 
alteration. 

EXPERIMENTAL  PART. 

2-Methylmercapto-4-methyl-  6-oxypyrimidine-5-acetic  A  cid, 
NH CO 

I  I 

CH3SC  CCHjCOOH. 

II  II 

N CCH, 

Ten  grams  of  pseudomethylthiourea  hydriodide  were  dis- 
solved in  water  and  10  grams  of  diethyl  acetosuccinate  and  5 
grams  of  potassium  hydroxide  added  to  the  solution.  The  mix- 
ture was  then  allowed  to  stand  for  8-10  hours  at  ordinary  tem- 
perature and  then  warmed  on  the  steam  bath  to  complete  the 
reaction.  After  cooling,  the  solution  was  acidified  with  hy- 
drochloric acid,  when  the  mercapto  derivative  deposited  in 
prisms.  It  crystaUized  from  hot  water  or  alcohol  in  flat  prisms 
that  sintered  at  260°  and  then  decomposed  at  27o°-272°  with 
effervescence.     Analysis   (Kjeldahl) : 


662 


Johnson  and  Heyi. 


O 

8 

o 

o 

o 
=o 

1 

o 

-o- 

W 

w 

^ 

o 

o 

o 

u 

o 

^    w    w" 

w    w 

W 

o     o     o 

^    ^ 

o 

o-o=o 

Cj— o  = 

=o 

d 

^-&^=^ 

=^ 

K 

w 

o 

o" 

if 


w 

W 

^ 

W 

o 

O 

o 

o 

o 

o 

O 

o" 

^ 

o 

o 

o 

w"   w 

^     tnf     te 

^    w"   w 

o    H    o 

o 

^      ^ 

o     o     o 

o     o     o 

V- 

-0=0 

c 

;— 0=U 

^■ 

o— o=u 

o— ^=o 

*^ 

[::; 

s  > 

G 

;;^    > 

1 

i  > 

1 

•"^ 

> 

^-o^^ 

W     O     K 

^- 

-y=^^ 

^-o=^ 

^— u— ^ 

tc" 

w" 

w 

cT 

cT 

cJ 

o 

S    o 


W 

W 

o 

o 

o 

o 

-    o 

5    tif  w 

o 

o     o 

^     o     o 

o- 

-0=0 

o— o=o 

j_; 

w 

> 

^- 

12 

;zi 

;zi 

Researches  on  Pyrimidines.  663 

Calculated  for  Found. 

CsHioOsNoS.  I.  II. 

N  1308  13-14  13-06 

2-Ethylmercapto-4-meth'yl- 6-oxypyrimidine- 5-acetic  A cid, 

NH CO 

I  I 

C2H5SC  CCH.COOH. 

II  II 

N CCH3 

The  best  yield  of  this  pyrimidine  was  obtained  when  we  pro- 
ceeded under  the  following  conditions:  Thirty- five  grams  of 
the  hydrobromide  of  pseudoethylthiourea  were  dissolved  in 
about  250  cc.  of  cold  water  and  43  grams  of  diethyl  acetosuc- 
cinate  stirred  into  the  solution.  Twenty-two  grams  of  potas- 
sium hydroxide  were  then  added,  when  a  clear  solution  resulted. 
This  was  then  allowed  to  stand  overnight  at  ordinary  tempera- 
ture and  finally  heated  on  the  steam  bath  for  one  hour.  After 
cooling  and  shaking  with  ether  to  remove  any  unaltered  diethyl 
acetosuccinate,  an  excess  of  acetic  acid  was  added,  when  the 
mercaptopyrimidine  deposited  in  granular,  prismatic  crystals. 
The  yield  was  19  grams,  corresponding  to  about  72  per  cent 
of  the  theoretical.  In  a  second  condensation  we  obtained  4.2 
grams  of  the  mercaptopyrimidine  from.  8  grams  of  the  pseudo- 
urea  hydrobromide  and  10  grams  of  diethyl  acetosuccinate. 
This  pyrimidine  is  practically  insoluble  in  cold,  and  sparingly 
soluble  in  hot,  water.  'It  deposited  from  boiling  95  per  cent 
alcohol  in  blocks.  It  dissolved  in  boiling  benzonitrile  and 
nitrobenzene  and  separated  from  both  of  these  solvents,  on 
cooling,  in  elongated  prisms.  The  decomposition  point  varies 
with  the  rate  of  heating,  but  it  usually  decomposed  at  about 
255°,  evolving  carbon  dioxide  and  ethylmercaptan.  Analysis 
(Kjeldahl) : 

Calculated  for  Found. 

C9H12O3N2S.  I.  II. 

N  12.28  12.55  12.30 

Potassium  Salt,  C9H11O3N2SK. — This  salt  is  extremely  soluble 
in  cold  water.  It  crystallized  from  50  per  cent  alcohol  in  mi- 
croscopic  needles.     Analysis    (Kjeldahl) : 
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Calculated  for 
CHiiOaNiiSK. 

Found. 
I. 

II. 

N 

10.52 

10.67 

10.45 

Ethyl  2 

*-Ethylmercapto-4- 

NH- 

1 

methyl- 

— CO 

1 

6-oxypyrimidine 

'-5-acetate, 

C,H,SC 

CCHjCOOC^H,. 

N CCH, 

This  ester  was  not  obtained  as  a  product  of  the  preceding  con- 
densation. This  is  explained  by  the  fact  that  it  was  necessary 
to  use  an  excess  of  potassium  hydroxide  to  keep  the  diethyl 
acetosuccinate  in  solution  and  the  ester,  if  formed,  was  always 
saponified.  It  was  prepared  by  boiling  the  mercapto  acid  in 
alcoholic  solution  with  a  few  drops  of  sulphuric  acid.  Two  grams 
of  the  mercapto  acid,  25  cc.  of  absolute  alcohol,  and  2  cc.  of 
concentrated  sulphuric  acid  were  digested  on  the  steam  bath 
for  5  hours.  The  excess  of  alcohol  was  then  evaporated  at 
ordinary  temperature,  when  we  obtained  an  oily  residue  with 
some  colorless,  prismatic  crystals  in  suspension.  These  were 
filtered  by  suction  and  the  syrup  again  allowed  to  stand  for  a 
few  hours,  when  a  second  crop  was  obtained.  The  yield  was 
0.25  gram  and  the  compound  was  identified  as  4-methyluracil-5- 
ethylacetate  (see  below).  The  syrup  was  treated  with  20-30 
cc.  of  cold  water,  when  a  crystalline  compound  deposited  which 
melted  at  1 5 1  °-i 63  °  to  a  clear  oil.  It  deposited  from  95  per  cent 
alcohol  in  hairUke  crystals  that  melted  at  i63°-i65°  to  a  clear 
oil.     It  gave  a  test  for  sulphur.     Analysis  (Kjeldahl) : 

Calculated  for  Found. 

CnHieOsNaS.  I.  II. 

N  10.93  II. 4  11.08 

4-Methyluracil-5-acetic  Acid, 

NH CO 

I  I 

CO        CCH,COOH. 

I  II 

NH CCH3 

2-Bthylmercapto-4-methyl-6-oxypyrimidine-5-acetic  acid  dis- 
solves at  once  in  cold,  concentrated  hydrochloric  acid  and  the 
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solution  can  be  evaporated  to  dryness  on  the  steam  bath  and 
the  acid  recovered  unaltered.  A  quantitative  yield  of  the  oxy- 
gen acid  was  obtained,  nevertheless,  by  boiling  the  mercapto- 
pyrimidine  with  concentrated  hydrochloric  acid  until  the  evo- 
lution of  ethylmercaptan  ceased.  It  deposited  from  the 
boiling  acid  solution  as  a  heavy,  granular  powder.  The  acid 
is  practically  insoluble  in  boiling  alcohol  and  insoluble  in  cold 
water.  It  crystalUzed  from  hot  water  in  long,  transparent 
prisms  that  sintered  at  about  329°  and  decomposed  at  340° 
(Anschiitz  thermometer)  with  violent  effervescence.  Bromine 
does  not  react  with  the  acid  in  acetic  acid  solution  at  ordinary 
te  mpe  ratu  re .     Analysis : 

I.  0.1950  gram  of  substance  gave  0.3274  gram  of  CO2  and 
0.0787  gram  of  HgO. 

II.  0.2352  gram  of  substance  gave  0.3935  gram  of  COj  and 
0.0955  gram  of  HjO.     Nitrogen  (Kjeldahl) : 

Calculated  for  Found. 

C7H8O4NJ.  I.  II.  III.  IV. 

C  4565  45.77      45-62       

H  4.34  4.48       4.50      

N         15.21  15,09     15.10 

Solubility  in  Water  at  25°. — One  hundred  grams  of  water 

dissolved : 

I.  II. 

0.0901  gram  acid  0,0894  gram  acid 

Potassium  Salt  of  4- Methyluracil-^- acetic  Acid,  C^H^04N2K 
3H2O,  was  prepared  by  dissolving  the  acid  in  water  with 
one  molecular  proportion  of  potassium  hydroxide.  The  salt 
was  extremely  soluble  in  water  but  crystallized  from  very 
concentrated  solutions  in  prismatic  crystals.  They  contained 
water  of  crystallization  which  was  determined  by  heating  the 
salt  at  io5°-i25°  for  5  hours. 

0.8455  gram  of  the  salt  lost  o.  1544  gram  HjO. 

Calculated  for 
C7H7O4N2K.3H2O.  Found. 

H2O  19.5  18.26 

Nitrogen  determination  for  anhydrous  salt  (Kjeldahl) : 

Calculated  for 
C7H7O4NJK.  Pound. 

N  12.60  12.42 
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Silver  Salt  of  4-Methyluracil-5-acetic  Acid,  CyH^04N2Ag. — 
When  the  potassium  salt  described  above  was  dissolved  in 
water  and  a  molecular  proportion  of  silver  nitrate  added,  a 
gelatinous  silver  salt  deposited.  It  was  insoluble  in  boiling 
water  and  did  not  assume  a  crystalline  form.  Analysis  for 
silver : 

Calculated  for 

C7H704N2Ag.  Found. 

Ag  37.11  40 .  00 

Barium  Salt  of  4-Methyluracil-5-acetic  Acid,  (CyH^04N2)2 
Ba.HgO. — ^When  the  calculated  proportions  of  the  acid  and 
barium  chloride  were  dissolved  in  hot  water  and  the  solution 
cooled,  the  unaltered  acid  separated.  The  salt  was  prepared 
by  dissolving  the  potassium  salt  in  water  and  adding  the  cal- 
culated amount  of  barium  chloride.  The  salt  separated,  on 
cooling,  in  small  prisms  which  were  dried  for  analysis  in  a  des- 
iccator over  sulphuric  acid.  It  contained  one  molecule  of 
water  of  crystallization  which  was  determined  by  heating  for 
2  hours  at  iio°-i36°. 

0.81 14  gram  of  salt  lost  0.0300  gram  of  HjO. 

Calculated  for 
(C7H70.iN2)oBa.HoO.  Found. 

H2O  3.45  369 

Nitrogen  determination  for  anhydrous  salt  (Kjeldahl) : 

Calculated  for 

(C7H70.iN2)2Ba.  Found. 

N  1 1. 1 2  11.05 

Lead  Salt  of  4-Methyluracil-5-acetic  Acid,  {C^'ii.f)J>\^^h. 
H2O. — This  salt  was  obtained  as  an  insoluble  crystalline 
powder  when  lead  acetate  was  added  to  a  solution  of  the  acid. 
It  crystallized  from  water  in  glistening  plates  or  flat  prisms 
which  were  dried  for  analysis  in  a  desiccator  over  sulphuric 
acid.  It  contained  one  molecule  of  water  of  crystallization 
which  was  determined  by  heating  at  ii7°-i25°  for  4  hours. 

1.2847  grams  of  salt  lost  0.0377  gram  HjO. 

Calculated  for 
(C7H704N2)2Pb.H„0.  Found. 

HgO  3.04  2.93 
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Analysis  of  the  anhydrous  salt : 

0.2594  gram  substance  gave  0.2769  gram  CO2  and  0.0583 
gram  HgO.     Nitrogen  (Kjeldahl) : 

Calculated  for  Found. 

(C7Hv04N2),,Pb.  I.  II.  III. 

C  29.32  29.12         ....  .... 

H  2.44  2.49         

N  9.77  10.00         9.73 

Action  of  20  Per  Cent  Sulphuric  Acid. — The  acid  was  recovered 
unaltered  after  heating  with  sulphuric  acid  for  2  hours  at 
i53°-i73°.  When  crystalHzed  from  water  it  decomposed  at 
340°.     Analysis  (Kjeldahl): 


Calculated  for                                            Found. 

C;H804N2.                                       I.                                  II. 

III. 

N                15-21                 15-31         15-32 

15-17 

Ethyl  Ester  of  4-Methyluracil-5-acetic  Acid, 

NH CO 

1             1 

CO        C.CH2COOC2H5. 
NH CCH3 

This  ester  was  obtained  as  a  secondary  product  when  we  ester- 
ified  2-ethylmercapto-4-methyl-6-oxypyriniidine-5-acetic  acid. 
It  was  easily  obtained  in  pure  condition  by  esterifying  the  oxy- 
gen acid  in  the  usual  manner.  It  crystallized  from  95  per  cent 
alcohol  in  needles  that  melted  at  22 1  °-2  22  °  to  a  clear  oil;  Anal- 
ysis (Kjeldahl) : 

Calculated  for 
C9H12O4N2.  Found. 

N  1320  13-12 

Methyl  Ester  of  4-Methyluracil- 5-acetic  Acid, 
NH CO 

I  I 

CO        CCH2COOCH3. 

I       li 

NH CCH3 

This  ester  deposited  from  methyl  alcohol  in  fine  needles  that 
decomposed  at  28o°-282°.     Analysis  (Kjeldahl): 
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Calculated  for  Found. 

C8H10O4N2.  I.  11. 

N  14-14  14.10  14.4 

2- A  mino-4-methyl- 6-oxypyrimidine- 5-acetic  A  cid, 

NH CO 

I  I 

NHjC  CCH2COOH. 

II  II 

N CCH3 

Four  grams  of  2-ethylmercapto-4-methyl-6-oxypyriniidine-5- 
acetic  acid  were  heated  with  alcoholic  ammonia  for  4  hours 
at  1 70°- 1 80°.  When  the  tube  was  opened  there  was  some 
pressure,  and  the  odor  of  ethylmercaptan  was  apparent.  The 
solution  was  evaporated  to  dryness  and  the  crystalline  residue 
purified  by  recrystallization  from  water.  It  deposited  in  needles 
that  decomposed  at  322°  with  effervescence.  Analysis  (Kjel- 
dahl) : 

Calculated  for  Found. 

C7H9O3N3.  I.  II. 

N  22.95  23.3  23.2 

2-Ethylmercapto~4-methyl-6-chlorpyriniidine-5-acetic  Acid, 

N=CC1 

I  I 

C2H5SC  CCH,COOH. 

II  II 

N CCH3 

Ten  grams  of  2-ethylmercapto-4-methyl-6-oxypyrimidine-5- 
acetic  acid  and  50  cc.  of  phosphorus  oxychloride  were  warmed  on 
the  steam  bath  until  the  evolution  of  hydrochloric  acid  gas 
practically  ceased  (2  hours).  A  dark  colored  solution  was  ob- 
tained. This  was  slowly  poured  upon  crushed  ice  to  decompose 
the  excess  of  phosphorus  oxychloride.  No  insoluble  material 
deposited  after  this  treatment,  but  when  the  acid  solution  was 
neutralized  with  sodium  hydroxide  the  chloride  separated  in 
slender  needles  which  dissolved  again  when  an  excess  of  alkali 
was  added.  The  chloride  was  soluble  in  boiling  benzene  but 
insoluble  in  cold  benzene ;  very  soluble  in  alcohol.  It  was  puri- 
fied for  analysis  by  recrystallization  from  hot  water  and  depos- 
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ited  in  needles  that  melted  at   118 °- 119°  with  evolution  of 
carbon  dioxide.     The  yield  was  good.     Analysis  (Kjeldahl) : 


Calculated  for 
CsHuOaNsSCl. 

Found. 

II. 

"•35 

11-53 

11.56 

N 
2-Ethylmercapto-4-methyl-6-chlorpyrimidine-5-acetamide, 

N CCl 

I  I 

C.HgSC  CCHjCONH,. 

II  II 

N CCH3 

2-Ethylmercapto-4-methyl-6-oxypyrimidine-5-acetic  acid  was 
digested  with  an  excess  of  phosphorus  oxychloride  until  the 
evolution  of  hydrochloric  acid  gas  ceased.  Instead  of  being 
poured  into  water  as  in  the  previous  experiment,  this  solution 
was  poured  slowly  into  a  large  volume  of  cold,  alcoholic  ammonia. 
The  excess  of  alcohol  and  ammonia  was  then  evaporated  and 
the  residue  triturated  with  cold  water  to  dissolve  ammonium 
chloride.  We  obtained  a  crystalline  compound  that  was  insol- 
uble in  cold  water  but  crystalHzed  from  hot  water  in  sheaves 
that  decomposed  at  167°.  The  compound  was  very  soluble 
in  hot  alcohol  but  can  be  crystalUzed  from  50  per  cent  alcohol 
and  from  benzene.  It  was  insoluble  in  dilute  sodium  hydroxide 
solution.     Analysis  (Kjeldahl) : 

Calculated  for  Found. 

C9H12ON3SCI.  I.  II. 

N  17.10  17.5  17.4 

Action  of  Alcoholic  Ammonia  on  2-Ethylmercapto-4-methyl-6- 
chlorpyrimidine-5-acetic  Acid. — The  mercaptopyrimidine  was 
recovered  unaltered  after  heating  with  strong,  alcoholic  am- 
monia for  2  hoursat  85 "-95 °  and  again  for  3  hours  at  i  io°-i2o°. 

Action  at  I25°-IS5° :  Formation  of  2-Ethylmercapto-4-methyl-6- 
aminopyrimidine-yacetic  Acid, 

N CNHa 

I  I 

CjHjSC  CCHjCOOH. 

II  II 

N CCH, 
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Two  and  five-tenths  grams  of  the  chloride  were  heated  with 
alcoholic  ammonia  for  2.5  hours  at  I25°-I35°.  When  the  tube 
was  opened  there  was  some  pressure  and  a  small  amount  of 
colorless,  crystalline  material  was  suspended  in  the  alcohol. 
This  was  identified  as  the  ammonium  salt  of  2-ethylmercapto-4- 
methyl-6-aminopyrimidine-5-acetic  acid.  The  free  acid  was 
obtained  by  triturating  the  salt  with  dilute  acetic  acid.  It  de- 
posited from  95  per  cent  alcohol  in  beautiful  needles  that  melted 
sharply  at  221°.  They  gave  tests  for  sulphur  and  chlorine. 
This  reaction  was  not  smooth  and  the  yield  of  the  amino  deriv- 
ative was  poor.  When  the  alcoholic  filtrates  were  evaporated 
to  dryness  a  crystalline  residue  deposited.  This  proved  to 
be  a  mixture  from  which  nothing  sufficiently  pure  for  analysis 
was  isolated.     Analysis  (Kjeldahl) : 


Calculated  for 
C9H13O2N3S. 

Found. 

18.50 

18.64 

N 

2,6-Diamino-4-methylpyrimidine-5-acetic  Acid, 
N CNH, 

I  I 

NH,C  CCH2COOH. 

II  II 

N CCH3 

This  base  was  prepared  by  heating  2-ethylmercapto-4-methyl-6- 
chlorpyrimidine-5-acetic  acid  with  alcoholic  ammonia  for  2  hours 
at  i67°-i8o°.  When  the  tube  was  opened  there  was  much 
pressure,  and  a  crystalline  compound  had  deposited  from  the 
alcohol.  This  crystallized  from  hot  water  in  small  prismatic 
crystals  that  melted  at  2  79°-28o°  with  effervescence,  turning 
brown  at  about  270°.  It  did  not  give  tests  for  sulphur  and 
chlorine,  and  dissolved  in  alkali  and  acids.     Analysis  (Kjeldahl) : 

Calculated  for 

CyHioOiNi.  Found. 

N  30.77  30.61 

New  Haven,  Conn., 
July  6,  1907. 
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ON  AMALGAMS:   THE  HYDRARGYRIDES  OF  THE 
ALKALI  AND  ALKALI  EARTH  METALS. 

By  George  McPhail  Smith. 

The  following  methods,  of  which  the  first  three  are  the  more 
generally  applicable,  have  been  employed  in  the  preparation 
of  amalgams: 

1.  The  electrolysis  of  a  salt  solution  with  a  mercur}'^  cathode. 

2.  The  action  of  an  amalgam  on  a  salt  solution. 

3.  Directly  from  the  metals. 

4.  The  electrolysis  of  a  suitable  salt  of  mercury,  with  the 
metal  to  be  amalgamated  as  cathode. 

5.  The  action  of  a  metal  on  the  solution  of  a  salt  of  mercury. 

6.  The  action  of  mercury  on  a  salt  solution. 

If  the  metals  are  arranged  according  to  their  tendency  to 
amalgamate  with  mercury,  they  fall  into  three  classes,  as  follows : 

I.  Metals  which  amalgamate  with  mercury  with  the  for- 
mation of  chemical  compounds.  This  class  includes  the  alkali 
and  alkali  earth  metals^  and  thallium.-  The  solid  amalgams 
are  to  be  regarded  as  analogous  to  h^^drated  salts,  i.  e.,  as 
being  made  up  of  a  fundamental  compound  of  mercur)^ 
and  the  second  metal,  combined  with  various  amounts  of 
"mercury  of  cystallization."'  The  liquid  amalgams  are 
solutions  of  the  solid  amalgams  in  mercury;  in  them  the 
amalgamated  metal  is  not  present  in  the  monatomic 
condition,  but  the  liquid  amalgams  are  solutions  in  mer- 
cury of  compounds  of  the  general  formula  mHg„^,  con- 
taining only  I  atom  of  the  amalgamated  metal  to  the  molecule.^ 

II.  Metals  which  have  a  pronounced  tendency  to  amalga- 
mate directly  with  mercurj',  but  which  are  not  definitely  known 
to  enter  into  chemical  combination  with  it.     While  not  present 

iBerthelot:  Ann.  Chim.  Phys.,  [S],  18.  442  (1879).  Kerp:  Z.  anorg.  Chem.,  17, 
284  (1898).  Kerp  and  Bottger:  Ibid.,  25,  1  (1900).  Maey:  Z.  physik.  Chem.,  29,  119 
(1899).  Guntz  and  Feree:  Compt.  rend.,  131,  182  (1900).  Kurnakofif:  Z.  anorg.  Chem., 
23,  439  (1900).     Haber  and  Sack:  Z.  Elek.  Chem.,  8,  245  (1902). 

2  Kumakoff  and  Puschin:  Z.  anorg.  Chem.,  30,  86  (1902). 

3  Berthelot,  Kerp,  Bottger,  Kurnakoff,  and  Maey:  Loc.  cii. 

4  Haber  and  Sack:  Loc.  cii.  Haber:  Z.  physik.  Chem.,  41,  399  (1902).  Smith: 
This  Journal,  36,  124  (1906);  37,  506  (1907). 
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to  any  great  extent  in  the  liquid  phase,  they  nevertheless  read- 
ily form  solid  solutions  or  isomorphous  mixtures  with  mercury.' 
This  class  includes  copper,  silver,  and  gold,  zinc  and  cadmium, 
gallium-  and  tin,^  lead,  antimony,  and  bismuth,  also,  judging 
from  their  positions  in  the  periodic  system,  probably  indium 
and  germanium.  Beryllium,  magnesium,  and  aluminium  form 
a  transition  to  the  next  class. 

III.  Metals  which  at  most  have  only  a  very  slight  tendency 
to  amalgamate  with  mercury.  To  this  class  belong  all  other 
metals  that  have  been  investigated  in  this  direction — notably 
the  transitional  elements  of  the  eighth  group  of  the  periodic 
system. 

From  the  following  figures,^  which  give  the  amounts  of 
metal  present  in  100  grams  of  saturated  liquid  amalgam,  some 
idea  may  be  had  as  to  the  relative  solubility  of  the  metals  in 
mercury.  It  should  be  borne  in  mind,  however,  that  the  al- 
kali and  alkali  earth  metals  are  not  present  in  the  mercury 
in  the  free  state. 

Temper- 
ature.       Li  Na  K  Rb  Sr  Ba  Cu  Ag 

0°      0.04      0.53      0-31       0-92       0.73      0.15 

20°       .  .        .  .     0.47       .  .     1.02     0.32       o.ooi     0.03 

25°  .    .        0.65       0.53       1.37  .    .       0.34 

Bi  Pb  Zn  Cd  Fe 

1.2  1,3  1.8       4.0      none 


0° 

Au 

Sn 

20° 

25° 

0.13 

0.6 

The  Alkali  and  Alkali  Earth  Hydrargyrides. 

The  metals  of  the  alkali  and  alkali  earth  groups,  inclusive  of 
ammonium^  and  probably  exclusive  of  beryllium  and  magnesium, 
are  capable  of  forming  chemical  compounds  (hydrargyrides)  with 
mercury.  In  the  periodic  system,  beryllium  and  magnesium 
occupy  positions  in  the  second  group  that  correspond  to  those 

1  Puschin:  Z.  anorg.  Chem.,  36,  201  (1903). 

s  Ramsay:  J.  Chem.  Soc,  65,  521  (1889). 

«  See,  however,  Van  Heterin  [Z.  anorg.  Chem.,  42,  129(1904)],  who  claims  the  exist- 
ence of  a  Sn-Hg  compound. 

<  Kerp  and  Bottger:  Z.OC.  ctV.  Gouy:  J.  de  Phys.,  4,  320  (1895).  Gouy's  figures 
for  Cu  and  the  metals  following  are  for  the  "ordinary  temperature,"  ».  e.,  probably 
about  20°. 

6  Smith:  J.  Am.  Chem.  Soc,  29,  June,  1907. 
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occupied  by  lithium  and  sodium  in  the  first  group.  Lithium 
and  sodium  undoubtedly  form  compounds  with  mercury.  But 
while  very  dilute  beryllium  *  and  magnesium  amalgams  can  be 
prepared  electrol3rtically  from  aqueous  solutions,  they  are 
nevertheless  very  unstable;  they  decompose  water  with  such 
ease,  as  compared  with  the  amalgams  of  the  more  active  alkali 
and  alkali  earth  metals,  that  it  is  hardly  to  be  assumed  that 
these  metals  are  in  combination  with  the  mercury. 

In  a  previous  investigation, ^  the  stability  of  the  alkali  earth 
hydrargy rides  was  found  to  increase  with  the  atomic  weight 
{i.  e.,  with  the  chemical  activity)  of  the  alkali  earth  metal.  In 
the  case  of  the  common  alkah  metals,  however,  this  was  found  to  be 
different;  here  the  stability  increases  in  the  order:  Li,  K,  Na. 
Among  the  alkali  metals,  sodium  is  in  many  respects  quite  in- 
dependent in  its  behavior,  and  for  this  reason  it  was  thought  of 
interest  to  extend  the  investigation  to  rubidium  and  caesium, 
especially  as  according  to  the  only  statement  the  writer  has  been 
able  to  find  on  the  subject^  their  amalgams  are  more  readily 
oxidized  than  potassium  amalgam,  that  they  decompose  water 
very  readily,  and  that  the  amalgams  are  electropositive  in  the 
order:  +Cs,  Rb,  K — .  These  statements  owe  their  existence, 
in  part  at  least,  to  the  erroneous  idea  that  the  alkali  metals 
exist  in  solution  in  mercury  in  the  monatomic  condition,  just 
as  they  do  in  the  gaseous  state.  ^ 

Since  potassium,  rubidium,  and  caesium  form  a  closely  re- 
lated triad,  occupying  in  the  first  group  of  the  periodic  system 
a  position  corresponding  to  that  of  calcium,  strontium,  and  barium 
in  the  second  group,  it  was  to  be  expected  that  their  hy- 
drargyrides  would  also  increase  in  stability  with  increasing 
atomic  weight  of  the  alkali  metal.  Such,  indeed,  has  been 
found  to  be  the  case. 

EXPERIMENTAI,  PART. 

Liquid  amalgams  of  sodium,  potassium,  rubidium,  and  caesium 
were  prepared  by  the  electrolysis  of  solutions  of  the  correspond- 

1  Ramsay:  Loc.  cit.,  p.  530. 

s  This  Journal,  37,  506-542(1907). 

'  Erdmann:  Lehrb.  d.  anorg.  Chem.,  1902,  p.  508. 

*  Erdmann:  Z.  anorg.  Chem.,  32,  404  (1902). 
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ing  chlorides.  In  each  case  the  solution  was  placed  in  a  small 
beaker  containing  mercury  which  was  made  the  cathode  by 
contact  with  a  short  platinum  wire  fused  into  the  end  of  a  glass 
tube.  A  little  mercury  in  this  tube  served  to  connect  the  platinum 
wire  with  the  negative  copper  wire  of  the  circuit.  The 
anode  was  a  strip  of  platinum  foil  bent  at  a  right  angle,  so  that 
most  of  its  surface  was  parallel  with  and  close  to  that  of  the 
mercury.  The  current  strength  was  4  amperes  at  6  volts,  and 
the  electrolysis  was  continued  10  minutes  for  each  100  grams 
of  micrcury  taken,  except  in  the  case  of  the  caesium.  A  great 
deal  of  heat  was  evolved  in  each  case,  but  the  evolution  of  hy- 
drogen from  the  cathode  was  slight.  It  was,  however,  found 
necessary  to  stir  the  cathodes  occasionally,  in  order  to  prevent 
the  formation  of  a  crust  of  the  lighter  crystalline  amalgam 
at  the  surface.  This  would  have  given  rise  to  a  rapid  evolution 
of  hydrogen  and  greatly  reduced  the  current  efficiency.  The 
amalgams  thus  prepared,  were  found  to  contain  0.25, 0.42,0. 90 
and  o .  95  per  cent  of  Na,  K,  Rb,  and  Cs,  respectively.  The  cae- 
sium amalgam  was  not  made  more  concentrated  for  fear  it  might 
tend  to  solidif}^ 

The  mercurial  solutions  thus  prepared  were  subjected  to  the 
action  of  air,  water,  and  aqueous  ammonia,  and  also  to  the  action 
of  three  equivalent  solutions  containing  equim.olecular  quantities 
of  NaCl  and  KCl,  NaCl  and  RbCl,  and  NaCl  and  CsCl,  respec- 
tively. From  their  behavior  under  these  conditions,  conclusions 
could  be  drawn  as  to  the  relative  stability  of  the  alkali  amalgam.s. 

/.  The  Action  of  Air. 

The  amalgams  were  shaken  in  portions  of  25  grams  in  dry, 
tightly  stoppered  100  cc.  bottles  containing  air.  After  a  short 
time  they  began  to  stick  to  the  sides  of  the  bottles,  and  visibly 
to  become  oxidized.  Caesium  amalgam  appeared,  at  first 
sight,  to  oxidize  most  rapidly,  with  rubidium,  potassium,  and 
sodium  amalgams  following  in  the  order  named.  That  this 
order  was  onl)?^  apparent,  however,  will  be  shown  below.  In 
order  to  find  whether  any  alkali  nitride  was  formed  by  the  action 
of  air,  the  oxidized  amalgams  were  treated  with  cold  water  and 
the  filtered  solutions  tested  with  Nessler's  reagent.     No  am- 
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monia  was  found.  On  the  addition  of  water  to  the  oxidized 
potassium,  rubidium,  or  caesium  amalgam,  hydrogen  peroxide 
was  formed  and  a  gas  was  rapidly  evolved.  This  was  found 
to  be  oxygen.  The  dioxides  of  these  metals,  KO2,  RbOg,  and 
CsOj,  were  therefore  present,  and  not  the  suboxide,  as  was 
stated  for  potassium  in  a  former  paper.  ^  In  conseqvience  of 
the  formation  of  hydrogen  peroxide,  the  following  comparative 
tests  were  made : 

Twenty-five  grams  (i.  e.,  an  excess)  of  each  of  the  amalgams 
were  shaken  with  air  in  a  dry  100  cc.  bottle  as  before,  and,  after 
the  inside  walls  were  completely  coated  with  the  amalgams, 
the  stoppered  bottles  were  allowed  to  stand  overnight.  The 
next  morning  100  cc.  of  cold,  dilute  sulphuric  acid  were  added 
to  the  contents  of  each  bottle  and  the  solutions  decanted  from 
the  excess  of  amalgam  and  filtered  from  the  finely  divided 
mercury  present.  An  excess  (25  cc.)  of  a  dilute  solution  of  tita- 
nium sulphate  was  then  added  to  each  solution.  The  caesium 
solution  changed  to  an  orange  color,  the  rubidium 'and  potas-* 
sium  solutions  to  a  deep,  reddish  orange,  and  the  sodium  solu- 
tion remained  uncolored.  Ten  cc.  of  each  of  the  colored  solu- 
tions were  then  diluted  to  50  cc.  and  the  colors  compared  in 
Nessler  tubes.  The  equicolored  columns  were  found  to  be 
3 . 1  cm.,  3 . 4  cm.,  and  9 . 3  cm.  in  height  for  the  potassium,  rubid- 
ium, and  caesium  solutions,  respectively.  Since  the  hydrogen 
peroxide  was  formed  according  to  the  equation  2M02  +  2H20  = 
2MOH  +  H2O2  +  O2,  it  follows  that  the  amalgams  were  ox- 
idized with  decreasing  readiness  in  the  order:  K,  Rb,  Cs.  At 
first  sight  the  caesium  amalgam  appeared  to  be  oxidized  most 
rapidly  because  caesium  dioxide  is  darker  in  color  than  either 
of  the  others.  The  oxidized  potassium  amalgam  was  a  dull 
metallic  gray  in  appearance,  the  rubidium  amalgam  a  dull 
brownish  gray,  and  the  oxidized  caesium  amalgam  resembled 
peacock  copper  ore  (bornite)  in  color. 

II .   The  Action  of  Water. 

In  these  experiments,  which  were  performed  simultaneously 
with  potassium,  rubidium,  and  caesium  amalgams,  in  quantities 

1  This  Journal,  37,  512  (1907). 
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of  27.5,  27.0,  and  27.5  grams,  respectively,  the  amalgams  were 
placed  in  small  watch  glasses  which  were  supported  on  a  porce- 
lain platform  in  the  center  of  a  heavy  3  liter  glass  beaker,  filled 
with  water  at  20°.  The  watch  glasses  were  each  covered  with 
an  inverted  funnel,  the  shortened  stem  of  which  projected 
into  a  graduated  eudiometer  tube  filled  with  water.  Starting 
with  the  eudiometer  tubes  filled  and  clamped  in  an  inverted 
position  in  the  water,  it  was  found  easy  to  introduce  the  watch 
glasses  containing  the  amalgams  and  set  the  apparatus  in  posi- 
tion without  the  loss  of  any  hydrogen.  In  every  case  the  re- 
action started  at  a  very  low  initial  velocity  and  gradually  be- 
came more  rapid.  This  acceleration  was  due,  as  will  be  shown 
below,  to  traces  of  impurity  in  the  water  used  (the  ordinary 
distilled  water  of  the  laboratory).  The  readings  that  follow 
are  a  trifle  too  low,  owing  to  the  fact  that  a  little  hydrogen 
clung  to  each  of  the  funnels.  The  error,  however,  is  practically 
the  same  in  each  case. 


Potassium  Amalgam. 
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Rubidium  Amalgam. 
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Caesium  Amalgam, 

Hydrogen  erolved. 
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These  figures  are  plotted  graphically  in  Fig.  I.  They  show 
that  the  liquid  amalgams  of  these  metals  evolve  hydrogen  from 
water  with  decreasing  velocity  in  the  order:  K,  Rb,  Cs. 


Fig.  I. 


Attention  should  be  called  to  the  fact  that  the  presence  of 
traces  of  certain  impurities,  especially  iron  or  aluminium,  in 
the  water  has  a  decided  accelerating  influence  on  the  rate  of 
evolution  of  hydrogen  by  these  amalgams.  According  to  the 
writer's  experience,  this  influence  is  especially  pronounced 
in  thefcase  of  sodium  amalgam.^     With  the  water  employed 

1  See,  e,  o.,  under  IV.  B,  below. 
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above,  27  grams  of  sodium  amalgam  evolved  11 .2  cc.  of  hydro- 
gen in  15  minutes,  while  with  redistilled,  ammonia-free  water 
27.5  grams  of  the  same  amalgam  evolved  only  o .  3  cc.  hydrogen 
in  the  same  time.  With  the  redistilled  water  27.5  grams  of 
sodium  amalgam  evolved  0.75  cc.  of  hydrogen  in  55  minutes, 
while  26  grams  of  potassium  amalgam  evolved  0.8  cc.  of  hydro- 
gen in  the  same  time. 

III.  The  Action  of  Aqueous  Ammonia. 

In  these  experiments  the  amalgams  were  put  into  test  tubes, 
in  portions  of  i  cc,  and  to  each  amalgam  5  cc.  of  aqueous 
ammonia  (sp.  gr.  o .  9)  were  added.  The  test  tubes  were  loosely 
stoppered  and  then  surrounded  by  larger,  inverted  test  tubes. 
They  were  allowed  to  stand  at  room  temperature.  In  propor- 
tion as  ammonium,  from  the  ammonium  hydroxide  contained 
in  the  solution,  entered  the  amalgams,  the  latter  became  in- 
flated, owing  to  the  decomposition  of  the  ammonium  amalgam 
thus  formed.  The  more  rapidly  inflated  amalgams  displaced 
ammonium  from  the  solution  more  rapidly  than  the  others,  and 
can  therefore  be  regarded  as  least  stable. 

Potassium  Amalgam. 

Hours  0.5     2         16         24         40         60         72 

Volume  (cc.)     2.2     3.5       6.0       6.5       6.5       5.5       1.3 

Rubidium  Amalgam. 

Hours  0.5     2       16       24       40       64       70       90 

Volume  (cc.)      i.i      1.5     4.0     4.5     4.8     5.0     5.0     i.o 

Caesitim  Amalgam. 

Hours         0.5     2       16      24      40      64      70      90      96       100 
Vol.  (cc.)    1.0     1.2     2.5     3.2     4.0     4.7     4.8     5.0     2.0       1.0 

These  results  are  plotted  graphically  in  Fig.  II.  They  show 
that  the  amalgams  displace  ammonium  with  decreasing  activity 
in  the  order:  K,  Rb,  Cs.  vSodium  amalgam  at  ordinary  tem- 
perature evolves  hydrogen  continuously,  at  constant  volume, 
with  the  same  solution. 
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Fig.  11. 

IV.  The  Action  of  Equivalent  Solutions  Containing  Equimo-^ 
lecular  Quantities  of  Sodium  Chloride  and  Potassium, 
Rubidium,  or  Caesium  Chloride. 

In  these  experiments  each  of  the  amalgams  in  the  three  pairs 
Na  and  K,  Na  and  Rb,  and  Na  and  Cs,  was  acted  upon  by  the 
corresponding  solution,  and  in  every  case  an  equilibrium  was 
found  to  exist,  which  was  attainable  in  either  direction.  Such 
compounds^  as  Janecke's  NaKHgo  could  hardly  be  formed 
here,  owing  to  the  large  excess  of  mercury  present.  The  amal- 
gams were  washed  and  analyzed  as  described  in  an  earlier 
paper. - 

A.  Potassium  and  Sodium. 

The  Action  of  Potassium,  Sodium,  and  Lithium  Amalgams 
on  a  Solution  Containing  Equiinolecular  Quantities  of  Sodium 
and  Potassium  Chlorides. — The  solution  employed  was  made 
by  dissolving  a  mixture  of  1 1 .  70  grams  of  sodium  chloride  and 
14.92  grams  of  potassium  chloride  in  water  and  diluting  the 
solution  to  100  cc. 

(a)  Fifty   grams  of  potassium   amalgam   were   treated    for 

1  Z.  physik.  Chem.,  67,  507  (1907). 

2  This  Journal,  37,  514f. 
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30  minutes,  at  24°,  with  50  cc.  of  the  solution  mentioned.  The 
evolution  of  hydrogen  was  very  feeble. 

The  resulting  amalgam  gave,  on  analysis,  KCl  +  NaCl  =  0 .  3299 
gram;  KaPtCl^  =  o . 3 1 73  gram. 

That  is,  it  contained  0.05089  gram  potassium  and  0.09177 
gram  sodium;  or,  expressed  in  number  of  atoms,  K:Na  =  24.6i: 

75-39. 

A  previous  experiment*  with  50  grams  of  an  amalgam,  made 
by  the  addition  of  i .  5  grams  of  potassium  to  50Q  grams  of 
mercury,  and  50  cc.  of  a  similar  solution  gave,  in  atoms,  K :  Na  = 
24.30:75.70. 

(b)  Fifty  grams  of  sodium  amalgam  were  treated  for  30 
minutes,  at  24°,  with  50  cc.  of  the  same  solution.  The  evolution 
of  hydrogen  was  still  more  feeble  than  with  the  potassium 
amalgam. 

The  resulting  amalgam  gave,  on  analysis,  KCl  +  NaCl  = 
0.3166  gram;  KjPtClg  =0.2846  gram. 

That  is,  it  contained  0.04564  gram  potassium  and  0.09046 
gram  sodium ;  in  atoms,  K :  Na  =  22 .  90 :  77 .  10. 

A  previous  experiment*  with  50  grams  of  an  amalgam,  pre- 
pared by  the  addition  of  2.5  grams  of  sodium  to  500  grams 
of  mercury,  and  50  cc.  of  a  like  solution  gave,  in  atoms,  K:  Na  = 
22.93:77.07. 

(c)  Fifty  grams  of  electrolytically  prepared  lithium  amal- 
gam, containing  0.038  per  cent  of  lithium,  were  treated  for 
30  minutes,  at  17°,  with  50  cc.  of  a  like  solution.  A  very  feeble 
evolution  of  hydrogen  took  place. 

The  resulting  amalgam  gave,  on  analysis,  KCl -f  NaCl  = 
0.0599  gram;  KaPtClg  =  0.0540  gram.  The  alcoholic  filtrate 
from  the  potassium  chlorplatinate  was  evaporated  to  dryness  and 
the  residue  tested  spectroscopically  for  lithium.  None  of  that 
metal  was  present. 

That  is,  the  amalgam  contained  0.0087  gram  potassium  and 
0.0171  gram  sodium;  in  atoms,  K:Na  =  23.05:76.95. 

This  ratio  is  a  Uttle  below  the  mean  (23 .68  :  76 .  22)  of  those 
obtained  with  the  sodium  and  potassium  amalgams,  where 
the  small  amounts  of  sodium  and  potassium  leaving  or  entering 

»  Lmc.  cit. 
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the  amalgams  slightly  altered  the  relative  concentrations  of 
sodium  and  potassium  ions  in  the  solutions  employed.  This 
source  of  error  was  eliminated  by  the  use  of  lithium  amalgam. 

B.  Rubidium  and  Sodium. 

The  Action  of  Rubidium  and  Sodium  Amalgams  on  a  Solu- 
tion Containing  Equimolecular  Quantities  of  Sodium  and  Rubid- 
ium Chlorides. — The  solution  employed  was  made  by  dissolving 
a  mixture  of  1 1 .  70  grams  of  sodium  chloride  and  24 .  20  grams 
of  rubidium  chloride  in  water  and  diluting  the  solution  to  100  cc. 

(a)  Fifty  grams  of  rubidium  amalgam  were  treated  for 
30  minutes,  at  24°,  with  50  cc.  of  the  solution  described  above. 
In  this  case  the  evolution  of  hydrogen  was  very  slow  through- 
out the  reaction,  notwithstanding  the  presence  of  a  trace  of  alu- 
minium in  the  solution.^ 

The  resulting  amalgam  gave,  on  analysis,  RbCl  +  NaCl  = 
0.3839  gram;  RbaPtClg  =  0.3596  gram. 

That  is,  it  contained  o.  1063  gram  rubidium  and  0.0920  gram 
sodium;  in  atoms,  Rb  :Na  =  23.75  :  76  25. 

(b)  Fifty  grams  of  sodium  amalgam  were  treated  for  30 
minutes,  at  24°,  with  50  cc.  of  the  same  solution.  The  evolu- 
tion of  hydrogen,  which  at  first  was  very  feeble,  became  more 
and  more  rapid,  and,  during  the  latter  half  of  the  action,  very 
small  bubbles  of  hydrogen  were  given  off  with  such  rapidity 
that  the  solution  became  milky  white  and  opaque.  The  ac- 
celeration in  the  rate  of  evolution  of  hydrogen  was  caused  by 
the  presence  of  a  trace  of  aluminium  in  the  rubidium  salt,  which 
was  of  Merck's  manufacture.  This  was,  without  doubt,  due  to 
its  preparation  from  rubidium  alum. 

The  resulting  amalgam  gave,  on  analysis,  RbCl-fNaCl  = 
0.0726  gram;  RbjPtCl,  =  0.0689  gram. 

That  is,  it  contained  0.02037  gram  rubidium  and  0.01726 
gram  sodium;  in  atoms,  Rb  :  Na  =  24.13  :  75.87. 

C.  Caesium  and  Sodium. 

The  Action  of  Caesium  and  Sodium  Amalgams  on  a  Solution 
Containing  Equimolecular  Quantities  of  Sodium  and   Caesium 
>  a.  (6). 
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Chlorides. — The  solution  employed  was  made  by  dissolving 
a  mixture  of  5.85  grams  of  sodium  chloride  and  16.84  grams 
of  caesium  chloride  in  water  and  diluting  the  solution  to  50  cc. 

(a)  Twenty-five  grams  of  caesium  amalgam  were  treated 
for  30  minutes,  at  24°,  with  25  cc,  of  the  solution  mentioned. 
The  evolution  of  hydrogen  was  exceedingly  feeble. 

The  resulting  amalgam  gave,  on  analysis,  CsCl  +  NaCl  = 
0.0825  gram;  CsjPtCle  =  0.0939  gram. 

That  is,  it  contained  o . 03707  gram  caesium  and  o. 01399  gram 
sodium;  in  atoms,  Cs  :  Na  =  32.95  :  67.05. 

(b)  Twenty-five  grams  of  sodium  amalgam  were  treated 
for  30  minutes,  at  24°,  with  25  cc.  of  the  same  solution.  The 
evolution  of  hydrogen  was  even  more  feeble  than  it  was  with 
caesium  amalgam  and  the  same  solution. 

The  resulting  am.algam  gave,  on  analysis,  CsCl-fNaCl  = 
0.1444  gram;  Cs2PtClg  =  0.1676  gram. 

That  is,  it  contained  0.06616  gram  caesium  and  0.02388 
gram  sodium;  in  atoms,  Cs  :  Na  ^32.44  •.67.55. 

The  results  obtained  in  this  series  of  experiments  are  very 
significant.  They  show  clearly  that  the  compounds  of  these 
metals  with  mercury  are  increasingly  stable  in  the  order :  K, 
Rb,  Cs,  Na. 

Sumjnary. 

Mercurial  solutions  of  the  hydrargyrides  of  sodium,  potassium, 
rubidium,  and  caesium  were  subjected  to  the  action  of  air, 
water,  and  aqueous  ammonia,  and  finally  each  of  the  amalgams 
in  the  3  pairs,  Na  and  K,  Na  and  Rb,  and  Na  and  Cs,  was  sub- 
jected to  the  action  of  the  corresponding  one  of  three  equivalent 
solutions  containing  equimolecular  quantities  of  sodium  chlor- 
ide and  potassium,  rubidium,  or  caesium  chloride,  and  an  equi- 
librium was  attained  in  each  case.  From  their  behavior  under 
these  conditions,  conclusions  are  drawn  as  to  the  relative  stabil- 
ity of  the  alkali  hydrargyrides. 

Just  as  the  hydrogen  compounds  of  the  halogens  increase  in 
stability  with  the  increasing  chemical  activity  of  the  halogens, 
so  also  the  stability  of  the  mercury  compounds  of  calcium, 
strontium,  and  barium  increases  with  the  increasing  chemical 
activity  of  the  alkaH  earth  metals.     This  is  also  true  in  the  case 
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of  potassium,  rubidium,  and  caesium,  the  corresponding  triad 
in  the  alkali  group.  The  mercury  compound  of  lithium  is, 
by  far,  the  least  stable  of  the  alkali  hydrargyrides ;  and  sodium, 
which  forms  the  most  stable  hydrargyride  in  this  group,  behaves 
in  this  respect,  as  in  many  others,  in  an  exceptional  manner. 

On  exposure  to  a  limited  quantity  of  air,  in  closed  vessels, 
the  various  amalgams  are  oxidized  to  different  extents,  and  on 
the  addition  of  water  to  the  oxidized  products  oxygen  is  copi- 
ously evolved,  with  the  simultaneous  formation  of  hydrogen 
peroxide,  in  the  cases  of  potassium,  rubidium,  and  caesium; 
in  the  case  of  sodium,  neither  hydrogen  peroxide  nor  oxygen  is 
formed. 

lyike  most  of  the  other  metals  of  the  alkali  and  alkaU  earth 
groups  the  metals  Cs-Na  and  Rb-Na  are  reversibly  displace- 
able  in  aqueous  solutions  in  the  presence  of  mercury. 

Urbana,  III., 
May  17,  1907. 


DISSOCIATION    AS  MEASURED  BY  FREEZING  POINT 
LOWERING    AND    BY    CONDUCTIVITY— BEAR- 
ING   ON    THE    HYDRATE    THEORY.    THE 
APPROXIMATE     COMPOSITION     OF 
THE  HYDRATES  FORMED  BY 
A    NUMBER    OF    ELEC- 
TROLYTES. 

[nineteenth  communication.] 

By  Harry  C.  Jones  and  J.  Newton  Pearce. 

A  brief  summary  of  the  evidence  thus  far  obtained  for  the 
existence  of  hydrates  in  aqueous  solutions  of  electrol3^es  is 
given  below. 

I,  In  the  case  of  all  electrolytes  there  exists  between  the 
water  of  crystallization  and  the  temperature  at  which  the 
crystals  are  formed  a  definite  relation  which,  under  the  same 
conditions,  is  constant  for  a  given  salt.  With  increasing  dilu- 
tion the  molecules  and  ions  of  an  electrolyte  are  able  to  take 
up  a  part  of  the  solvent,  forming  unstable  molecular  com- 
plexes or  hydrates. 
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For  equivalent  concentrations  the  complexity  of  the  hy- 
drates formed  by  different  salts  stands  in  close  relation  to  the 
amounts  of  water  with  which  those  salts  crystallize  from  solu- 
tion. 

2.  The  abnormaHty  in  the  freezing  point  lowerings  pro- 
duced by  solutions  of  electrolytes  is  a  function  of  the  water 
of  crystallization  of  these  electrolytes.  Those  salts  which 
have  a  greater  number  of  molecules  of  water  of  crystalliza- 
tion always  produce  the  greater  lowering  of  the  freezing  point. 
The  same  relation  has  been  found  to  hold  for  the  molecular 
rise  of  the  boiUng  point. 

3.  The  minima  in  the  boiling  point  and  freezing  point 
curves  occur  at  those  concentrations  at  which  the  effect  of 
hydration  just  balances  that  produced  by  a  decrease  in  the 
dissociation  of  the  electrolyte.  Owing  to  the  instability  of 
the  hydrates  formed  with  rise  in  temperature,  the  minima 
for  the  boihng  point  curves  occur  at  greater  concentrations 
than  those  for  the  freezing  point  curves. 

4.  The  temperature  coefficients  of  conductivity  increase 
with  increasing  dilution.  For  salts  which  crystallize  with 
the  same  amounts  of  water  the  temperature  coefficients  are 
of  the  same  order  of  magnitude.  Comparing  salts  which 
crystallize  with  different  amounts  of  water,  that  one  will 
have  the  largest  temperature  coefficient  of  conductivity  which 
has  the  greatest  power  to  combine  with  the  solvent.  In 
other  words,  the  greater  the  power  to  bring  water  out  of  solu- 
tion, as  water  of  crystalHzation,  the  more  complex  will  be 
the  hydrate  formed.  The  more  complex  the  hydrate,  the 
greater  will  be  the  temperature  coefficient  of  conductivity. 

5.  The  absorption  bands  produced  by  aqueous  solutions 
of  colored  electrolytes  widen  with  increase  in  concentration. 
The  same  effect  is  produced  when  an  indifferent  substance 
of  strong  dehydrating  power  is  added.  Similarly,  increasing 
dilution,  with  its  accompanying  increasing  hydration,  decreases 
the  width  of  the  absorption  bands. 

Conductivity. 
The  conductivity  of  a  solution  of  an  electrolyte  is  a  func- 
tion   of   several   conditions:    the    nature    of    the    electrolyte 
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and  the  degree  of  its  dissociation;  the  speed  of  its  component 
ions;  and  the  viscosity  of  the  solvent.  The  degree  of  disso- 
ciation, in  turn,  depends  upon  the  concentration  of  the  elec- 
trolyte and  the  nature  of  the  solvent. 

As  was  pointed  out  by  Dutoit  and  Aston,  that  solvent 
whose  molecules  are  associated  to  the  greatest  extent  has 
the  greatest  dissociating  power. 

Weak  acids,  weak  bases,  and  salts  of  weak  acids  and  bases 
show  constantly  increasing  dissociation  with  increasing  dilu- 
tion, but,  within  the  limits  of  accuracy  of  our  present  methods, 
no  maximum  of  conductivity  is  directly  obtainable.  On 
the  other  hand,  strong  electrolytes  show  rapidly  increasing 
dissociation  with  sUght  increase  in  dilution — a  maximum  con- 
ductivity being  reached  at  moderate  dilution. 

It  is  stated  by  Ostwald*  that  the  anions  of  the  halogen  acids 
move  more  rapidly  than  do  those  of  the  oxyhalogen  acids, 

e.  g.,  CIO3,  BrOg,  IO3;  that  ClO^  has  a  greater  migration  veloc- 
ity than  IO4.  In  general,  the  more  complex  the  ion,  the  slower 
its  migration  velocity.  Especially  is  this  the  case  with  the 
anions  of  organic  acids.  With  isomeric  anions,  however, 
the  velocities  are  approximately  equal.  With  increasing 
increments  of  CHj  the  velocity  decreases  regularly.  The  same 
may  be  said  with  regard  to  the  organic  cations. 

It  has  been  proved  by  Jones  and  Getman  and  by  Loomis^ 
that  organic  acids  are  not  hydrated.  It  is  clear  that  increase 
in  ionic  volume  is  accompanied  by  decrease  in  ionic  speed, 
doubtless  due  to  increase  in  friction  between  ion  and  solvent. 

With  this  idea  in  mind,  and  with  the  evidence  from  the 
freezing  point  measurements  that  the  ions  form  more  and 
more  complex  hydrates  with  increasing  dilution,  we  are  forced 
to  believe  that  the  conductivities  of  solutions  of  strong  elec- 
trolytes are  less  than  they  would  be,  theoretically,  if  there 
were  no  hydration,  by  an  amount  which  is  a  function  of  the 
volume  of  the  ionic  complex. 

Vollmer^  determined  the  values  of  Xqq  for  solutions  of  potas- 

»  Lehrbuch,  2,  679. 

2  Wied.  Ann.,  60,  523  (1897). 

'  Ibid.,  Ann.,  62,  328  (1894). 
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slum    acetate,     sodium    acetate,    potassium    iodide,     lithium 

iodide,  lithium  chloride,  and  silver  nitrate,  in  water  and  alco- 

A,'oo  '^^^ 

hoi.     He  found  the  relation  t : — =   K   =   o.-^s  to   hold 

A  CO  water  -^-^ 

in  every  case. 

Kawalki^  found  the  same  relation  to  exist  between  the 
speeds  of  diffusion  of  the  same  electrolytes  in  water  and  alco- 
hol.    It  is  of  especial  interest  to  note  that  the  value  which 

D'alc 

he  obtained  for  his  constant  -^ : —  =  K'  =  o.-^^  is  the  same 

D  water  "^^ 

as    that    found    by    Vollmer    for    conductivity.     From    their 

results  we  obtain  the  relation, 

Voo  :X^::D':D. 

That  this  relation  will  hold,  in  case  there  is  hydration  or  alco- 

holation,   is   highly  probable,   since  the   resistance   offered  to 

the  ionic  complex  will  be  the  same  in  each  case. 

As  stated  by  Jahn,^  "recent  measurements  have  made  it 
probable  that  the  mobility  of  the  ions  is  not  independent  of 
their  concentration,  that  they  have  greater  mobility  in  more 
concentrated  than  in  more  dilute  solutions."  Reference  to 
the  work  of  Jones  and  Bassett^  shows  that  this  is  just  what 
we  should  expect.  They  found,  by  freezing  point  measure- 
ments, that  the  hydration  per  gram  molecule  of  the  electro- 
lyte decreases,  with  increasing  concentration,  to  a  certain 
concentration  corresponding  to  the  minimum  in  the  molecular 
lowering  of  the  freezing  point,  and  then  decreases  very  slowly 
with  increasing  concentration.  In  the  more  concentrated 
solutions,  then,  we  have  smaller  changes  in  hydration;  there- 
fore, sm.aller  changes  in  the  ionic  volumes;  hence,  we  should 
have  smaller  changes  in  the  mobility  of  the  ions. 

That  the  conductivity  depends,  in  no  small  degree,  upon 
the  viscosity  of  the  solution  has  been  known  for  a  long  time, 
yet  the  simultaneous  action  of  the  two  conditions,  dissocia- 
tion and  viscosity,  renders  it  impossible  to  separate  their 
effects.  No  simple  relation  exists  other  than  that  the  conduc- 
tivity decreases  with  increase  in  viscosity. 

1  Wied.  Ann.,  52,  300  (1894). 

2  Grundriss  der  Electrochemie ,  p.  143. 

3  This  Journal,   33,  534  (1905). 
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G.  Wiedemann^  first  called  attention  to  the  fact  that  the 
friction  which  the  ions  produce  in  their  motion  changes  in  the 
sense  that  the  fluidity  changes.  Accordingly,  the  mobility 
of  the  ions  should  be  a  function  of  the  fluidity  of  the  solution. 

That  the  conductivity  does  not  depend  exclusively  upon 
the  fluidity  can  be  seen  in  the  following  case :  A  i  per  cent 
(by  volume)  solution  of  cane  sugar  and  a  2.2  per  cent  solu- 
tion of  methyl  alcohol  have  the  same  internal  friction,  viz., 
1.046,  but  the  conductivity  of  potassium  chloride  in  a  i  per 
cent  sugar  solution  is  decreased  3  per  cent,  while  in  2.2  per 
cent  methyl  alcohol  it  is  decreased  3.85  per  cent. 

Pissarjewski  and  Lemcke^  made  the  simple  assumption 
that  the  conductivity  is  directly  proportional  to  the  disso- 
ciation,   and    inversely   proportional   to    the    viscosity,    e.    g., 

a  =    K—.     At  maximum  disociation   K    =   f^ooVcc  •     There- 
V 

fore,  the  dissociation  is  a'  =   and  not  a  =  . 

Moo  ^00  /^co 

In     the    dilutions    which    they     used    the    K,    calculated 

from  a   =  — ^ ,  varies,  while  K,  calculated  from  a   =  — • , 

Moo  Moo  ^00 

is  a  constant. 

The  Object  of  This  Investigation. 

It  was  our  plan  in  this  work  to  study  the  relation  between 
the  dissociation  as  measured  by  the  freezing  point  and  con- 
ductivity methods;  to  determine  to  just  what  extent  the  con- 
ductivity of  a  solution  is  influenced  by  the  hydration  of  the 
ions;  and  to  study  the  effect  of  hydration  upon  the  relative 
velocities  of  different  ions. 

Moreover,  it  was  desired  to  test  the  reHability  of  the  conduc- 
tivity method  as  a  means  of  measuring  the  dissociation  of 
strong  electrolytes. 

In  order  to  do  this,  it  was  found  necessary  to  redetermine 
as  accurately  as  possible  the  freezing  point  lowerings  pro- 
duced by  various  solutions  of  a  large  number  of  salts. 

1  Pogg.  Ann.,  99,  228  (1856). 

8  Z.  physik.  Chem.,  52,  479  (1905). 
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The  object  of  the  conductivity  measurements  was  to  deter- 
mine the  dissociation  of  the  solution  in  question,  as  accurately 
as  possible,  in  order  that  the  theoretical  lowering  produced 
by  the  substance,  if  there  was  no  hydration,  might  be  calcu- 
lated. 

The  freezing  point  measurements  give  us,  on  the  other  hand, 
an  exact  proportion  between  the  number  of  dissolved  parti- 
cles, molecules,  ions,  or  the  hydrates  of  these,  and  the  num- 
ber of  molecules  of  the  solvent  acting  as  such. 

BXPKRIMENTAI,. 

'  Freezing  Point  Apparatus. — For  all  concentrations  from 
the  most  dilute  up  to  those  which  could  not  be  frozen  by 
mixtures  of  salt  and  ice,  a  bath  of  rather  large  dimensions 
was  used.  The  outer  cylindrical  vessel  was  made  of  heavy- 
galvanized  iron — diameter  31  cm.,  depth  26  cm. — and  cov- 
ered on  the  outside  by  a  heavy  coat  of  felt  to  prevent  radia- 
tion. Within  this  was  a  much  smaller  vessel  of  the  same 
material  with  a  tightly  fitting  cover.  Soldered  around  the 
large  hole  in  the  center  of  the  cover  is  a  conical-shaped  collar, 
which  holds  firmly  the  cork  through  which  the  thermometer 
is  inserted.  By  this  means  the  thermometer  always  reaches 
to  the  same  depth  in  the  solution.  A  second  smaller  hole 
in  the  side  is  provided  for  the  passage  of  the  stirrer.  To  the 
bottom  and  on  the  outside  was  soldered  a  short  bolt,  which, 
in  turn,  was  screwed  into  a  nut  soldered  to  the  center  of  the 
outer  vessel.  In  this  way  firm  support  was  given  the  inner 
vessel  and  danger  of  floating  was  avoided.  The  freezing 
tube  proper  was  a  large  glass  tube — length  17  cm.,  diameter 
5.5  cm.,  and  of  250  cc.  capacity.  It  was  supported  within  the 
smaller  vessel  at  the  bottom  by  a  cork,  and  at  the  top  by  a 
cork  ring  which  rested  upon  an  iron  ledge  soldered  to  the 
inside  of  the  small  vessel.  These  dimensions  allowed  for  an 
air  space  of  about  2  cm.  all  around. 

The  stirrer  consisted  of  a  gold-plated  brass  disc  with  one 
large  hole  in  the  center  to  permit  the  passage  of  the  ther- 
mometer, and  around  this  smaller  holes  about  0.7  cm.  in  diam- 
eter. 


Dissociation  by  Freezing  Point  Lowering.  689 

Near  the  top  of  the  large  outer  cylinder  was  soldered  a  small 
tube  which  served  to  keep  the  water  in  the  bath  at  constant 
level. 

By  means  of  a  bath  of  these  dimensions  the  temperature 
of  the  freezing  mixture  could  be  kept  constant  for  five  or  six 
hours.  No  attempt  was  made  to  control  exactly  the  tem- 
perature of  the  bath,  but  experience  taught  us  that  only  those 
freezing  mixtures  which  required  from  forty  seconds  to  one 
minute  to  cool  the  solution  o°.i  could  be  depended  upon  for 
reliable  results. 

For  solutions  requiring  freezing  mixtures  of  calcium  chloride, 
and  in  the  ordinary  cryoscopic  apparatus  consisting  of  a  battery 
jar,  two  test  tubes  were  used. 

For  this  work  4  thermometers  of  the  Beckmann  type  were 
employed,  whose  temperature  ranges  were  i°.i,  5°.6,  i2°.2, 
and  25°.  These  were  graduated  into  o°.oo2,  o°.oi,  o°.02, 
and  o°.o5,  respectively  (whole  scale).  By  means  of  a  high- 
power  lens  it  was  easy  to  read  to  a  tenth  of  the  above  grad- 
uations. 

Conductivity. 

Apparatus. — ^The  conductivity  measurements  were  made 
by  means  of  the  well-known  Kohlrausch  method,  using  the 
Wheatstone  bridge,  induction  coil,  and  telephone  receiver. 
The  wire  was  calibrated  according  to  the  method  of  Strouhal 
and  Barus.^  The  resistance  coils  were  made  by  Leeds,  of 
Philadelphia,  and  had  been  carefully  calibrated. 

Conductivity  cells  of  two  types  were  used.  For  the  more 
dilute  solutions  cells  of  the  type  devised  by  Jones  and  Bing- 
ham^ were  employed.  For  the  more  concentrated  solutions 
U-shaped  cells,  similar  to  those  used  by  Jones  and  Getman,' 
were  found  to  be  very  convenient. 

All  conductivity  measurements  were  made  at  0°.  For 
this  purpose  a  small  pail  was  filled  with  finely  crushed  ice, 
moistened  with  distilled  water,  and  the  cells  packed  into  the 
ice  as  tightly  as  possible.     The  small  pail  was  then  placed 

»  Wied.  Ann.,  10,  326  (1880). 
«  This  Journal,  34,  481  (1905). 
»  Z.  physik.  Chem.,  46,  244  (1903). 
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in  a"  spacious  pan  and  the  space  between  the  pail  and  the  pan 
filled  with  finely  crushed  ice. 

Specific  Gravity. 

Since  the  solutions  were  made  up  at  20°,  we  thought 
it  best  to  determine  their  specific  gravities  at  the  same 
temperature.  The  20°  bath  was  a  large  galvanized  iron  tub. 
By  means  of  a  very  small  flame  below  and  a  stirrer  within, 
driven  by  a  hot-air  motor,  the  temperature  could  easily  be 
kept  to  within  o°.i  of  the  desired  temperature.  Through- 
out this  work  six  pycnometers  of  the  Ostwald  type  were  em- 
ployed. They  were  carefully  calibrated  with  pure  redis- 
tilled water. 

Volumetric  Apparatus. 

The  flasks  and  burettes  used  in  this  work  were  carefully 
calibrated  at  20°  by  the  method  of  Morse  and  Blalock.^ 

Solutions. 

Kahlbaum's  "chemically  pure"  m.aterials  were  used  in  every 
case  and  were  further  purified  whenever  it  was  thought  desirable 
to  do  so.  The  method  of  preparing  the  solutions  varied 
according  to  the  solute  employed.  In  general,  a  solution  of 
slightly  greater  concentration  than  2  normal  was  first  made,  and 
from  this,  by  successive  dilutions,  the  lesser  concentrations 
were  obtained.  Whenever  possible,  the  mother  solution  was 
made  up  by  direct  weighing;  when  the  nature  of  the  solute 
did  not  permit  it  to  be  weighed,  the  mother  solution  was  di- 
luted to  convenient  strength,  and  portions  of  the  dilute  solu- 
tion were  standardized  either  by  gravimetric  or  volumetric 
methods. 

Water. 

The  water  which  was  used  in  all  the  solutions  was  puri- 
fied according  to  the  method  of  Jones  and  Mackay.-  Ordi- 
nary distilled  water  was  twice  redistilled  from  an  acidified 
solution  of  potassium  dichromate,  and  the  steam  from  the 
second  distillation  passed  through  a  boiling  solution  of  barium 

1  This  Journal,  16,  479  (1894). 

2  Ibtd.,  19,  83  (1897). 
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hydroxide.     It  had,  at  0°,  a  conductivity  of  about  1.2  X  io~^ 
to  1.7  X  io~7. 

Calculation  of  the  Composition  of  the  Hydrates. 

The  method  of  calculating  the  amount  of  water  combined 
with  the  dissolved  substance  is  essentially  the  same  as  that 
used  by  Jones  and  Bassett.^  We  have  given  the  observed 
molecular  lowering  of  the  freezing  point,  the  specific  gravity 
of  the  solutions,  and  the  dissociation.  The  observed  molecu- 
lar lowering  is  corrected  for  the  difference  between  1000  grams 
and  the  amount  of  water  actually  present  in  one  liter  of  the 
solution.  This  gives  the  true  molecular  lowering  which  would 
be  produced  by  the  substance  at  the  dilution  in  question  if 
there  were   1000  grams  of  water  present. 

From  the  dissociation  we  calculate  the  true  molecular  low- 
ering which  would  be  produced  by  the  dissolved  substance 
if  there  were  no  hydration ;  and  if  there  is  no  hydration  these 
two  values  for  the  molecular  lowering  should  be  equal. 

The  calculated  lowering,  divided  by  the  observed  lowering 
and  multiplied  by  1000,  gives  the  amount  of  water  present 
playing  the  r6le  of  solvent,  if  the  quantity  of  the  substance 
present  is  dissolved  in  1000  grams  of  water. 

The  difference  between  this  amount  of  water  and  1000 
grams  gives  the  amount  of  water  which  is  combined  with  the 
dissolved  substance  in  the  solution  in  question. 

Knowing  the  number  of  grams  of  water  which  are  in  com- 
bination with  the  dissolved  substance,  the  number  of  gram 
molecules  of  water  combined  with  the  substance  is  obtained 
by  dividing  this  number  by  18.  If  we  divide  this  value  by 
the  concentration  in  terms  of  normal,  we  obtain  the  number 
of  molecules  of  water  which  are  in  combination  with  one  mole- 
cule of  the  dissolved  substance  when  the  amount  of  sub- 
stance present  in  one  liter  of  the  solution  is  dissolved  in  1000 
grams  of  water. 

In  the  various  tables  of  data  the  symbols  have  the  following 
significance : 

In  the  tables  of  freezing  point  measurements  m  is  the  con- 

»  This  Journal,  33,  843  (1905);  34,  298  (1905). 
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centration  in  terms  of  gram  molecules  per  liter;  A,  the  ob- 
served lowering  of  the  freezing  point,  corrected  for  the  sepa- 
ration of  ice;  A/m,  the  molecular  lowering  of  the  freezing 
point. 

In  the  conductivity  tables,  V  denotes  the  volume  of  the  solu- 
tion in  liters  which  contains  one  gram  molecular  weight  of 
the  electrolyte;  fi  is  the  conductivity  corrected  for  water;  a 
is  the  approximate  dissociation. 

In  the  specific  gravity  tables,  m  is  the  concentration;  W^^j, 
the  weight  of  one  liter  of  the  solution ;  W^^j^  is  the  weight  of  the 
salt  contained  in  one  liter  of  the  solution ;  and  W^^^q  is  the  weight 
of  water  contained  in  one  liter  of  the  solution.  The  percent- 
age correction  is  the  correction  which  must  be  applied  to  the 
freezing  point  lowering  in  order  to  refer  it  to  1000  grams  of 
the  solvent  instead  of  the  amount  of  water  that  is  actually 
present  in  one  liter  of  the  solution  in  question. 

In  the  hydrate  tables,  m  is  the  concentration  in  gram  mole- 
cules per  liter;  a,  the  approximate  dissociation  as  measured 
by  the  conductivity  method;  L,  the  theoretical  molecular 
lowering  of  the  freezing  point  referred  to  1000  grams  of  sol- 
vent; A/w,  the  observed  molecular  lowering;  L',  the  corrected 
molecular  lowering ;  M,  the  number  of  gram  molecules  of  water 
in  combination  with  the  solute;  and  H,  the  number  of  gram 
molecules  of  water  combined  with  one  molecule  of  the  salt 
at  the  concentration  in  question. 

Calcium  Chloride. 

The  data  for  calcium  chloride  are  given  in  Tables  I.  to  IV. 

The  value  of  //qo  is  surprisingly  low,  when  compared  with 
that  obtained  by  West^  and  by  Bassett.^  It  is,  however,  very 
nearly  equal  to  that  obtained  by  Jones  and  Stine.^ 

A  study  of  Table  IV.  leads  us  to  the  following  conclusions: 
The  theoretical  molecular  lowerings,  as  given  in  column  L,  de- 
crease regularly  with  increase  in  concentration,  while  the  cor- 
rected observed  molecular  lowerings,  as  seen  in  column  L', 

»  This  Journal,  34,  393  (1905). 
'/6«d.,33,  547  (1905). 

3  The  article  of  Jones  and  Stine  will  be  published  in  This  Journal  in  the  near 
future. 


Dissociation  by  Freezing  Point  Lowering.  693 

decrease  rapidly,  reach  a  minimum  at  o.i  normal,  and  then 
increase  with  increase  in  concentration. 

It  is  very  probable  that  the  value  of  U  for  0.0 1  normal  is 
too  large,  but  owing  to  the  inaccuracy  of  the  method  for 
such  dilutions,  this  is  unavoidable. 

It  will  be  seen  from  column  M  that  the  amount  of  water 
which  has  entered  into  combination  with  the  dissolved  salt 
also  passes  through  a  minimum  between  0.075  normal  and  o.  10 
normal — the  same  concentration  which  gives  the  minimum 
molecular  lowering  of  the  freezing  point.  A  similar  minimum 
was  noted  by  Jones  and  Bassett^  for  concentrations  ranging 
from  0.102  normal  to  0.153  normal.  It  has  been  assumed 
hitherto,  by  Jones  and  his  coworkers,  that  the  minimum  in 
the  freezing  point  lowering  always  occurs  in  that  concentra- 
tion where  the  effect  due  to  decrease  in  dissociation  is  just 
counterbalanced  by  the  effect  due  to  hydration.  The  values 
of  L'  and  M  also  show  that  the  abnormality  of  the  freezing 
point  lowering  is  greatly  augmented  by  the  relatively  great 
hydrating  power  of  the  ions,  since  it  is  the  ions  with  which 
we  are  chiefly  concerned  in  the  dilute  solutions.  A  glance 
at  column  H  shows  us  at  once  the  great  hydrating  power  of 
the  ions  in  dilute  solution.  The  values  of  H  decrease  regu- 
larly with  increase  in  concentration  to  o.io  normal.  From 
that  concentration  on,  the  decrease  in  hydration  is  very  slight 
as  the  concentration  increases.  In  these  concentrations  the 
combined  effect  upon  the  freezing  point  lowering,  due  both 
to  the  dissociation  and  to  the  hydration  of  the  ions,  is  small 
compared  with  the  effect  due  to  the  undissociated  molecules. 

If  we  refer  to  the  literature-  bearing  upon  the  relation  be- 
tween the  water  of  crystallization  of  a  salt  and  the  tempera- 
ture at  which  it  crystallizes,  we  see  that,  over  a  definite  range 
of  temperature,  the  amount  of  water  of  crystallization  is  con- 
stant. If,  then,  we  eliminate  the  hydration  due  to  the  ions, 
we  should  expect  to  find  the  number  of  molecules  of  water 
combined  with  one  molecule  of  the  salt  to  be  a  constant  for 

1  This  Journal,  33,  548  (1905). 

2  Bassett:  This  Joxjrnal,  34,  294  (1905). 
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a  definite  range  of  temperature.  This  is  clearly  shown  by 
the  values  of  H  for  the  more  concentrated  solutions. 

The  values  of  M  are  plotted  in  the  curv^e  (Fig.  II.)  against 
the  concentrations  as  abscissas.  The  curve  shows,  at  a  glance, 
that  the  amount  of  water  held  in  combination,  from  the  dilu- 
tion at  which  the  minimum  occurs,  is  a  linear  function  of  the 
concentration. 

The  values  of  H  are  plotted  in  the  curve  (Fig.  I.)  against 
the   concentrations   as   abscissas.     An   explanation   regarding 
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these  hydrate  curves  is  necessary  at  this  point.  With  one 
or  two  exceptions,  it  was  found  impossible  to  plot  on  the  paper 
the  values  of  H  for  the  more  dilute  solutions. 
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Conceniraiion. 
Fig.  II. 


These  curves  show  the  rapid  decrease  in  hydration  until 
the  minimum  is  reached,  and  then  a  very  shght  decrease  with 
increasing  concentration. 

Table  I. — Freezing  Point  Measurements. 


m. 

A. 

A/w. 

i. 

a. 

o.oi 

0.05945 

5-9450 

0.025 

O.1318 

5 

2720 

2 . 8344 

91.72 

0.05 

O.25II 

5 

0220 

2.7000 

85.00 

0.075 

0.3651 

4 

8690 

2.6177 

80.88 

O.IO 

0.48515 

4 

8515 

2.6083 

80.41 

0.25 

1-2335 

4 

9340 

2.6526 

0.50 

2.6270 

5 

2540 

2.8247 

0.75 

4-1955 

5 

5940 

3-0075 

1 .00 

6. 1040 

6 

1040 

3.2817 

Table  II. — Condtictivity  Measurements. 


H-ao 


123.46. 


V. 

^lv. 

00 

III. 23 

40 

104.66 

20 

100.01 

13-34 

95.02 

10 

92.23 

4 

87.19 

2 

80.73 

1-334 

74.69 

1 .00 

70.98 

a. 
89.67 
84-37 
80.62 
76.60 

74-35 
70.62 

65.39 
60.49 

57-49 
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Ta 

ble  III. 

— Specific 

•  Grav 

ity  Measi 

iirements. 

m. 

Sp.  gr.           IFsoi. 

IVsalt. 

Wh.o. 

Per  cent  of 
correction. 

O.OI 

1.000982     1000.982 

1 .  109 

999-873 

0.012 

0.025 

002539     1002 . 539 

2.772 

999.767 

0.023 

0.05 

004874     1004.874 

5-545 

999.329 

0.067 

0.075 

006814     1006.814 

8.317 

998.497 

0.150 

O.IO 

008971     1008.971 

11.090 

997.881 

0.2II 

0.25 

02267       1022.67 

27.725 

994-954 

0.504 

0.50 

04451       1044.51 

55  450 

989.06 

1.094 

0.75 

06641       1066.41 

83-175 

983  23 

1.676 

1. 00 

08744       1087.44 

1 10 . 900 

976.54 

2-345 

Table  IV.— Hydrates. 

m. 

a.              L. 

iLJm. 

L'. 

M. 

H. 

0.025 

84.37     49885     5 

2720 

5.2708 

2.869 

114. 7 

0.05 

80.62     4 

7590     5 

0220 

50187 

2.874 

57-4 

0.075 

76.60     4 

7095     4 

8690 

4.8617 

1.742 

23-2 

O.IO 

74-35     4 

6258     4 

8515 

4.8414 

2.474 

24.7 

0.25 

70.62     4 

487       4 

934 

4.910 

4-785 

19. 1 

0.5 

65- 39     4 

293       5 

254 

5-197 

9.663 

19-3 

0.75 

60.49     4 

no       5 

594 

5-501 

14.048 

18.7 

1 .00 

57 

49     3 

998       6 

104 

5.962 

18.30 

18.3 

Strontium  Chloride. 

The  concentrated  mother  solution  was  diluted  to  convenient 
strength  and  equal  portions  were  taken  for  standardization. 
The  strontium  was  precipitated  and  weighed  as  strontium 
carbonate. 

The  conductivity  measurements  for  this  salt  gave  us,  at 
maximum  dissociation,  /loo  =  128.57.  The  corresponding 
value  obtained  by  Jones  and  Stine^  was  //oo    =  128.44. 

The  minimum  in  the  freezing  point  lowerings  (column  L') 
is  found  at  0.25  normal,  whereas  the  minimum  in  the  total 
combined  water  occurs  at  a  somewhat  greater  dilution  (0.05 
normal).  The  values  of  H  become  approximately  constant 
at  0.25  normal,  the  minimum  point  in  the  freezing  point 
lowering. 

The  values  of  m  and  H  for  calcium  and  strontium  chlorides, 
Tables  IV.  and  VIII.,  show  numbers  of  approximately  the 
same  order  of  magnitude.     For  curves,  see  Figs.  I.  and  II. 

»  Loc.  cit. 
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Table  V. — Freezing  Point  Measurements, 


m. 

A. 

i 

\lm. 

*. 

O.OI     . 

0.05273 

5  2730 

2.8351 

0.02937 

0.1550 

5 

2800 

2.8386 

0.03987 

0.2026 

5 

0752 

2.7382 

0.501 I 

0.2476 

4 

9349 

2.6531 

0.7077 

0.3472 

4 

9060 

2.6376 

O.IO 

0.48904 

4 

8904 

2.6292 

0.25 

I    1957 

4 

7830 

2.5715 

0.50 

2 . 5339 

5 

0678 

2.7354 

0.75 

4.0989 

5 

4652 

2.9385 

1 .00 

5. 9211 

5 

9211 

3   1833 

91 

87 

91 

93 

86 

91 

82 

65 

81 

88 

81 

46 

78 

57 

Table  VI. — Conductivity  Measurements, 
fi^  0°  =  128.57  (Stine  128.4). 


V. 

IJ'V. 

a 

1 100 

128.57 

550 
100 

127.99 
115.64 

89 

37 

34-04 

106. 10 

82 

56 

25.08 

103.26 

80 

32 

1993 

loi .04 

78 

08 

1403 

98.06 

76 

27 

10 

95.98 

74 

17 

4 

88.07 

68 

59 

2 

82.18 

63 

96 

1-333 

74.86 

58 

30 

1 .0 

71.23 

55-47 

Table  VII.- 

-Specific  Gravity 

Measurements. 

m. 

Sp.  gr. 

JVsol. 

fVsall. 

Ti/-„  -       Per  cent  of 
>^  fiiU.      correction. 

O.OI 

I .0012284 

looi .2284 

I 

585 

999 

7034  0.029 

0.02937    I 

0038396 

1003.8396 

4 

6559 

999 

2837  0.071 

0.03987    I 

0053832 

1005.3832 

6 

3197 

999 

0635  0.093 

0.050 

17    I 

007028 

1007.028 

7 

952 

999 

078     0.092 

0.07077    I 

00956 

1009.516 

11 

217 

998 

299     0 . 1 70 

0. 10 

013205 

IOI3.2I5 

15 

85 

997 

930     0.207 

0.25 

034433 

1034 -433 

38 

625 

994 

808     0.519 

0.5 

068379 

1068.379 

79 

250 

989 

129     1.087 

0.75 

101760 

IIOI . 160 

[18 

875 

982 

885     I. 711 

1. 00 

135423 

1135-423 

158 

50 

976 

92; 

\     2.308 
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m. 

c 

O.OI 

89 

0.02937 

82 

0.03987 

80 

0.05017 

78 

0.07077 

76 

0. 10 

74 

0.25 

68 

0.50 

63 

0.75 

58 

1. 00 

55 

Table  V III. —Hydrates. 

U. 

.2718 
.2763 
.0705 

•9304 
.8977 
.8803 
•7582 
.0127 
•3718 
•7844 


a. 

L. 

^/;«. 

•37 

5-1845 

5-2733 

5- 

•56 

4-9312 

5 

2800 

5- 

•32 

4.8479 

5 

0752 

5- 

.08 

4^7645 

4 

9349 

4- 

.27 

4.6982 

4 

9060 

4- 

•17 

4.6191 

4 

8904 

4- 

•59 

4-4115 

4 

7830 

4- 

.96 

4- 2393 

5 

0678 

5- 

•30 

4.0287 

5 

4652 

5- 

•47 

3^9234 

5 

.9211 

5- 

M. 

3-634 
2.439 
1. 871 
2.274 

2.973 

4.047 

8.572 

13.890 

17-873 


H. 


123.6 
61.2 
37-2 
32-13 
29-73 
16.18 
17.14 
18.52 
17.87 


As  in  the  case  of  calcium  chloride,  the  values  of  the  theo- 
retical lowerings  (L)  are  less  than  the  observed  lowerings  (L') 
in  every  instance. 

Magnesium  Chloride. 

The  value  of  /loo  for  magnesium  chloride  was  found  to  be 
123.95.  The  values  of  U  show  a  minimum  at  0.25  normal, 
while  the  values  of  H  begin  to  be  constant  at  0.5  normal. 
Magnesium  chloride  differs  from  the  other  chlorides  thus  far 
discussed  in  that  its  values  for  M  show  no  minimum,  but  in- 
crease regularly  with  increasing  concentration. 

It  should  be  noticed  also  that  magnesium  chloride  has  greater 
power  to  combine  with  water  than  any  of  the  haUdes  of  the 
calcium  group.  Especially  is  this  the  case  in  the  dilute  solu- 
tions, where  the  ions  predominate.  That  this  is  not  due  to 
hydrolysis  and  the  liberation  of  the  free  mineral  acid  is  evi- 
dent from  the  fact  that  the  molecular  lowering  of  the  freezing 
point  in  the  dilute  solutions  is  in  every  case  considerably 
higher  than  the  calculated  lowering.  As  we  shall  see  later, 
in  our  study  of  the  acids  just  the  reverse  was  found  to  be 
the  case.     The  curves  for  this  salt  are  found  in  Figs.  I.  and  II. 
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Table  IX. — Freezing  Point  Measurements. 
A.  A/w.  i. 


0.004928 

0.02741 

5 

5630 

2.9909 

99-54 

0.007317 

0.04072 

5 

5643 

2.9916 

99-58 

O.OI 

0.05472 

5 

4720 

2 . 9420 

97.10 

0.05108 

0.2678 

5 

2443 

2.8195 

90.75 

0.07I7I 

0.3687 

5 

1421 

2.7651 

88.25 

0.09986 

0.5133 

5 

1330 

2.7596 

87.68 

0.25 

1-2352 

4 

9408 

2.6563 

82.81 

0.50 

2.6768 

5 

3536 

2.8783 

0.75 

4.4328 

5 

9104 

•   31776 

0.9415 

6.0619 

6 

4885 

3.4615 

Table  X. — Conductivity  Measurements. 


H-ca  o 


[23-95- 


402 

25 

120.15 

96 

94 

202 

92 

116.67 

94 

13 

136.67 

113.86 

91 

86 

100 

0 

112.68 

90 

90 

32 

21 

103.08 

83 

16 

19 

57 

98.88 

79 

78 

13 

94 

95  36 

76 

93 

10 

0 

91-25 

73 

61 

4 

0 

80.22 

64 

72 

2 

0 

72.07 

59 

50 

I 

333 

64.69 

53 

63 

I 

.062 

60.31 

48.66 

Table  XI. — Specific  Gravity  Measurements. 

m. 

Sp.  gr. 

Wsol. 

IVsalt. 

TTT               Per  cent  of 
w  HM.      correction. 

0.00493 

1.000344 

1000.344 

0.4695 

999.875       0.012 

0.007327 

1.000524 

1000.524 

0.6970 

999 

827     0.017 

O.OI 

I . 000842 

1000.842 

0.9526 

999 

889     0.012 

0.03104 

1.002756 

1002 . 756 

2.9568 

999 

799     0.020 

0.05108 

1.004224 

1004.224 

4.9168 

999 

307     0.069 

0.07171 

I . 006036 

1006.036 

6.8316 

999 

204    0.079 

0. 100 

1.008505 

1008 . 505 

9.5260 

998 

979     0.102 

0.25 

I .020966 

1020.966 

23.8150 

997 

151     0.284 

0.50 

1.038496 

1038.496 

47  -  630 

990 

866     0.910 

0.75 

1.056905 

1056.905 

71-445 

985 

460     I . 450 

0.9415 

I. 06961 7 

1069.617 

89 . 689 

979 

93( 

D       2 . 007 
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Table  XII.— Hydrates. 


nt. 

a 

Z. 

A/w. 

L'. 

M. 

H. 

O.OI 

90.90 

52415 

5  4720 

54714 

2.334 

233 -4 

0.03104 

83 

16 

4 

9535 

5 

3581 

5 

3570 

4 

185 

134.82 

0.05108 

79 

78 

4 

8278 

5 

2443 

5 

2407 

4 

377 

85.69 

0.07171 

76 

93 

4 

7218 

5 

1421 

5 

1381 

4 

501 

62.76 

0. 10 

73 

61 

4 

5982 

5 

1330 

5 

1278 

5 

737 

57-37 

0.25 

64 

72 

4 

1675 

4 

9408 

4 

9268 

8 

562 

34-24 

0.50 

59 

50 

4 

0734 

5 

3536 

5 

3049 

12 

898 

25-79 

0.75 

53 

63 

3 

8550 

5 

9104 

5 

8247 

18 

787 

25-05 

0.9415 

48.66 

3.6701 

6.4385 

6.3098 

23.242 

24.68 

Barium  Chloride 

A  nearly  saturated  solution  of  this  salt  was  first  made. 
This  was  diluted  to  convenient  concentration,  and  equal  por- 
tions were  precipitated  and  weighed  as  barium  sulphate. 
Owing  to  the  slight  solubility  of  this  salt,  we  did  not  attempt 
to  work  with  concentrations  greater  than  0.4  normal. 

Conductivity  measurements  gave  us  the  value  /"-oo  =  132.07. 

Table  XIII. — Freezing  Point  Measurements. 


m. 

A. 

A/w. 

i. 

a. 

O.OI 

0-5463 

5-4630 

2.9370 

96.85 

0.025 

1-3398 

5 

3592 

2.8813 

94.06 

0.05 

0.24770 

4 

9551 

2 . 6639 

83-19 

0.075 

0.36128 

4 

8171 

2.5898 

79-49 

O.IO 

0.4792 

4 

7925 

2.5766 

78.83 

0.25 

I . 1669 

4 

6677 

2  -  5095 

75-47 

0.40 

1.902 

4 

7370 

2.5575 

Table  XIV. — Conductivity  Measurements. 


f^oo  o' 


132.07. 


v. 

Mf. 

a 

. 

100 

120.01 

90.87 

40 

III. 15 

84 

16 

20 

105-78 

80 

09 

13-33 

100.69 

76 

24 

10 

99-92 

75 

65 

4 

92.18 

69 

79 

2.5 

86.31 

65 

35 
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Table  XV.— specific 

Gravity  Measurements. 

m. 

Sp.  gr. 

Wsol. 

malt 

IVif.o. 

Per  cent  of 
correction. 

O.OI 

I. 001878     1001.87 

2.083       999 

795 

0.021 

0.025 

1.00475 

1004.75 

5  -20; 

r       999 

545 

0.045 

0.05 

I .00929 

1009.29 

10.41= 

)        998 

879 

0.  112 

0.75 

I. 01369 

1013.69 

15.622 

998 

074 

0.197 

0. 10 

I. 01766 

1017.66 

20.830       996 

83 

0.316 

0.25 

I  0456 

1045.61 

52.075       993 

542 

0.645 

0.40 

I .0726 

1072.65 

83.32 

989 

335 

1.066 

Table  XVI 

. — Hydrates. 

m. 

a. 

L.            A/m. 

L'. 

M. 

H. 

0.025 

84.16 

4  9907     5 

3592     5 

3568 

3-796 

151.8 

0.05 

80.09 

4  8393     4 

9551     4 

9496 

1.238 

24.7 

0.075 

76.24 

4.6961     4 

8171     4 

8080 

1.293 

17.2 

O.IO 

75-65 

4.6742     4 

7925     4 

7772 

[.197 

II. 9 

0.25 

69.79 

4.4562     4 

6677     4 

6374 

2.172 

8.69 

0.40 

65 -35 

4.2910     4 

7570     4 

7061      . 

^.900 

12.25 

What  has  been  said  regarding  the  chlorides  of  calcium, 
strontium,  and  magnesium  applies  equally  well  to  barium 
chloride.  The  low  value  of  H  for  0.25  normal  is  doubtless 
due  to  experimental  error. 

It  is  interesting  to  note  that  while  the  molecules  of  barium 
chloride  have  a  much  smaller  hydrating  power  than  the  other 
chlorides  of  the  alkaline  earth  metals,  as  we  should  expect 
from  the  fact  that  it  crystallizes  with  but  two  molecules  of 
water,  the  ions  which  predominate  in  the  dilute  solutions 
have  a  relatively  high  hydrating  power. 

Another  point  is  to  be  noted,  one  to  which  reference 
will  be  made  .later  in  this  paper.  A  glance  at  the  curves  rep- 
resenting the  values  of  M  and  H  for  the  three  salts — calcium, 
strontium,  and  magnesium  chlorides — will  show  that  in  each 
case  the  curves  for  calcium  chloride  lie  above  those  for  stron- 
tium chloride,  while  the  two  curves  for  magnesium  chloride  lie 
above  those  for  calcium  chloride.  This  order  is  just  the  re- 
verse of  that  for  the  atomic  volumes  of  the  three  metals.  Al- 
though barium  chloride  crystallizes  with  but  two  molecules 
of  water,  the  atomic  volume  of  barium  is  still  larger  than 
that  of  strontium.  This  may  account  for  the  relatively  high 
hydrating  power  of  the  ions  of  barium  salts. 
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The  curves  for  the  values  of  M  and  H  are  given  in  Figs. 
II.  and  I.,  respectively. 

Calcium  Nitrate. 

The  mother  solution  was  diluted  and  50  cc.  portions  were 
taken  for  standardization.  The  calcium  was  precipitated 
by  means  of  ammonium  oxalate  and  weighed  as  calcium 
oxide.  The  data  are  given  in  Tables  XVII.  to  XX. ;  the  curves 
are  plotted  in  Figs.  III.  and  IV. 
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Table  XVII. — Freezing  Point  Measurements. 


0125 

025 

05 

125 

25 

5 

75 

o 

5 


A. 
0.072 
0.1303 
0.2405 
0.5752 
I. 1424 
2 . 2860 

3-484 
4.766 
7.616 


A/m. 
5  7560 
.2120 
.8090 
.6019 

•5695 
.5720 

•645 
.766 

.077 


2.8021 

2.5855 
2.4736 

2.4567 

2.4580 

2.4974 
2.5623 
2 . 7299 


Table  XVIII. — Conductivity  Measurements, 
y-ao  0°  =  126.69. 


0.80 

0.40 

0.20 

8.0 

4.0 

2.0 

1-333 
I  0 
0.6667 


108 . 60 
102. 


40.24 


85.72 
81.13 

76.00 

67.66 
61.28 
52.52 
46.03 
40.49 

31-75 
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Table  XIX.- 

-Specific  Gravity  Measurements 

m. 

Sp.  gr. 

IVsol. 

Wsalt. 

Wh,o. 

Per  cent  of 
correction. 

0.0125 

I .001846 

lOOI . 846 

2.052 

999-794 

0.021 

0.025 

003166 

1003. 166 

4.104 

999 

062 

0.094 

0.05 

00604 

1006 . 04 

8.209 

997 

831 

0.217 

0.125 

01523 

1015.23 

20.520 

994 

71 

0.529 

0.25 

03074 

1030.74 

41.04 

989 

70 

I    03 

0.5 

0601 1 

1060. II 

82.09 

978 

02 

2.198 

0.75 

08874 

1008.74 

12313 

965 

61 

3-439 

1 .00 

11751 

1117.51 

164.18 

953 

33 

4.66 

1-5 

17375 

1173-75 

246.27 

927 

48 

7-25 

Table  XX. — Hydrates. 


0.025 
0.05 
125 
25 
5 

75 
00 

5 


81.13 
76.00 
67.66 
61.28 
52.52 
46.03 
40.49 
31-75 


L. 

8780 

6872 

3769 

139 

813 

572 

366 

041 


Ajnt. 

.2120 

.8090 

.6019 

-569 

•572 

•645 

.766 

.077 


2072 

7986 

5776 

522 

471 

485 

544 

709 


M. 

3-511 
1.288 

2.437 

4  703 

8.173 

11.312 

14.490 

19.683 


140 
25 
19 
18 
16 
15 
14 
13 


Nothing  special  need  be  said  regarding  the  data  for  this 
salt,  except  to  call  attention  to  the  fact  that  the  amounts  of 
water  combined  with  calcium  chloride  in  solution  are,  in 
general,  higher  than  the  amounts  combined  with  calcium  ni- 
trate. This  is  just  what  we  should  expect  when  we  consider 
that  calcium  chloride  crystallizes  with  6  molecules  of  water, 
while  calcium  nitrate  crystallizes  with  4. 

Strontium  Nitrate. 

The  strontium  was  precipitated  and  weighed  as  the  car- 
bonate. Unlike  the  other  salts  thus  far  studied,  the  freezing 
point  lowerings  show  no  minimum  within  the  range  of  con- 
centrations used,  the  molecular  lowering  constantly  decreas- 
ing in  value.  A  minimum  was,  however,  obtained  by  Jones 
and  Bassett^  at  a  concentration  of  about  1.5  normal. 

»  This  Journal,  34,  305  (1905). 
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Table  XXI. — Freezing  Point  Measurements. 


A/m. 


O.OI 

0.05717 

5 

7170 

0.025 

0.1304 

5 

2180 

0.05 

0.2402 

4 

8050 

0.075 

0.3492 

4 

6567 

0. 10 

0.4587 

4 

5875 

0.25 

I. 0817 

4 

326 

0.5 

2 . 0849 

4 

169 

0.75 

3  0453 

4 

060 

1. 00 

3  9983 

3 

9983 

3  0736 
2 . 8053 
2.5833 
2 . 5036 
2 . 4664 
2.3263 
2.2418 
2. 1829 
2 . 1496 


103.68 
90.27 
79.16 
7518 
73-32 
66.31 
62.09 
59- 15 
57  48 


Table  XXII.— C 

'^onductit 

/*00 

0°  =  I 

y. 

Mi/. 

100 

III. 14 

40 

100.95 

20 

94.12 

13 -34 

89.26 

10 

86.16 

4 

73-59 

2 

61.34 

1-33 

52.77 

.1 

45-69 

25.62. 


88 

47 

80 

36 

74 

92 

71 

06 

68 

59 

58 

58 

48 

83 

42 

01 

36 

37 

Table  XXIII. 

— Specific  Gravity  Measurements 

. 

nt. 

Sp.  gr. 

Wsol. 

Wsalt. 

Wh,o. 

Per  cent  of 
correction. 

O.OI 

I. 001525 

1001.525 

2.  116 

999.409 

0.059 

0.025 

I . 004207 

1004.207 

5.292 

998 

915 

0.108 

0.05 

I. 00839 I 

1008.391 

10.584 

997 

807 

0.219 

0.075 

I. 01 2646 

1012.646 

15-876 

996 

77 

0.323 

O.IO 

I. 016834 

1016.834 

21.168 

995 

666 

0.433 

0.25 

I .04201 

1042.01 

52.92 

989 

09 

1.09 

0.5 

I .08312 

1088.12 

105.84 

977 

28 

2.27 

0.75 

I. 12386 

1123.86 

158.76 

965 

II 

3-48 

1. 00 

I  - 16354 

1163-54 

211.68 

951 

86 

4-814 
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Table  XXIV. —Hydrates 
L.  A/m.  L'. 


M. 


0.025 

80 

36 

4 

8493 

5 

7180 

5 

7124 

3 

870 

154-8 

0.05 

74 

92 

4 

6470 

4 

8050 

4 

7945 

I 

710 

34.20 

0.075 

71 

06 

4 

5034 

4 

6567 

4 

6418 

I 

657 

22.09 

0. 10 

68 

59 

4 

4115 

4 

5875 

4 

5677 

I 

900 

19.00 

0.25 

58 

58 

4 

0391 

4 

3269 

4 

2798 

3 

124 

12.49 

0.5 

48 

83 

3 

676 

4 

169 

4 

075 

5 

437 

10.87 

0.75 

42 

01 

3 

422 

4 

060 

3 

918 

7 

030 

9-37 

1. 00 

36 

37 

3 

213 

3 

998 

3 

806 

8 

607 

8.65 

The  values  for  the  combined  water  show  a  minimum  at  0.075 
normal,  just  as  calcium  nitrate  does. 

The  hydration  per  ion  and  molecule  also  shows  no  tendency 
to  become  constant. 

The  curves  are  plotted  in  Figs.  III.  and  IV. 

Magnesium  Nitrate. 

The  nitrate  of  magnesium,  like  the  chloride,  shows  a  much 
greater  power  to  combine  with  water,  throughout  the  range 
of  concentration  studied,  than  do  the  nitrates  of  the  alkali 
earth  metals. 


Table  XXV. — Freezing  Point  Measurements. 


m. 

A. 

i^lm. 

i. 

a. 

0.02 

0 

1078 

5 • 3903 

2 

8980 

94.90 

0.05 

0 

24968 

4 

9938 

2 

.6848 

84.24 

O.IO 

0 

49085 

4 

9085 

2 

.6390 

81.95 

0.15 

0 

74486 

4 

9671 

2 

.6705 

83  52 

0.20 

0 

99875 

4 

9937 

2 

.6848 

0.50 

2 

74280 

5 

4856 

2 

.9492 

1. 00 

6 

5145 

6.5145 

3 

•5024 

Table  XXVI.- 

-Conductivity  Measurements. 

/^oo  0°  =  II9-90- 

V. 

it-v. 

a. 

50 

102.06 

85.12 

20 

94.48 

78 

80 

10 

89.66 

74 

78 

6.666 

85.61 

71 

40 

5 

83.04 

69 

25 

2 

72.03 

60 

07 

I 

5c 

).27 

49 

43 
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Table  XXVII 

— Specific 

Gravity  Measurements. 

m. 

Sp.  gr. 

Wsol. 

Wsalt. 

Wh,o. 

Per  cent  of 
correction. 

0.02 

1 .00224 

1002.224 

2.968 

999  255 

0.074 

0.05 

I .005626 

1005.626 

7.422 

998 

204 

0.179 

0.  10 

I .011118 

loii . 118 

14.844 

996 

274 

0.372 

0.15 

I. 016557 

1016.557 

22.266 

994 

291 

0.571 

0.20 

I .022026 

1022.026 

29.688 

992 

338 

0.766 

0.50 

1.054804 

1054.804 

74-220 

980 

584 

I.  941 

I  .00 

I .107865 

1107.865 

148.440 

959 

425 

4-057 

1.274 

1.136615 

1136.615 

189. 112 

947 

502 

5-249 

Table  XXVIII .     Hydrates. 


A/m. 


0.05 

78 

80     4 

7913 

4 

9938 

4 

0. 10 

74 

78     4 

6418 

4 

9085 

4 

0.15 

71 

40     4 

5161 

4 

9671 

4 

0.20 

69 

25     4 

4361 

4 

9937 

4 

0.50 

60 

07     4 

0946 

5 

4856 

5 

1 .00 

49 

43     3 

6988 

6 

5145 

6 

1.274 

44 

46     3 

5139 

7 

1032 

6 

.9849 
.8903 
.9388 
•9555 
•3792 
.2507 
•7303 


Af. 

2.157 
2.817 

4-759 

5-819 

13.260 

22.672 

29.006 


H. 

43-14 
28.17 

31-73 
29.09 
26.52 
22.67 
22.76 


The  amount  of  water  decreases  with  increase  in  concentra- 
tion in  the  dilute  solutions,  reaches  a  minimum  at  0.05  to 
0.075  normal,  and  then  increases  regularly  with  increase  in 
concentration. 

The  values  of  H  do  not  approach  a  constant  until  normal 
concentration  is  reached. 

It  is  very  probable  that  the  relatively  low  values  of  H  for 
0.05  and  0.1  normal  are  due  to  errors  in  measuring  the  freez- 
ing points  of  those  solutions. 

The  curves  for  magnesium  nitrate  are  given  in  Figs.  III. 
and  IV. 

Barium  Nitrate. 

Owing  to  the  very  small  solubility  of  this  salt  we  did  not  at- 
tempt to  make  measurements  beyond  0.15  normal.  Barium 
nitrate  has  special  interest  in  that  it  is  the  first  salt  thus  far 
studied  in  this  investigation  which,  under  ordinary  condi- 
tions, crystallizes  without  water. 
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Table  XXIX. — Freezing  Point  Measurements. 


o.oi 
0.025 
0.05 
0.075 

O.IO 

0.15 


A. 
0.05545 
0.12482 
0.23281 
0.32704 
0.42018 
0.59935 


5450 
9928 
6566 
3606 
2018 
9955 


2.9812 
2.6838 
2 • 5035 
2 . 3440 
2.2590 
2. 1481 


99.06 
84.19 
7518 
67.20 
62.95 
57  40 


Table  XXX. — Condiictivity  Measurements. 


0.01 

0.025 

0.05 

0.075 

o.  10 

0.15 


V. 

100 

40 

20 

13.34 
10 
6.67 

Table  XXXI. 
Sp.  gr. 

I. 00203 I 
005224 
010591 
015671 
02 1 143 
031770 


A*  00 


0°  =  128.08. 

y-v. 
110.62 

99.04 

90.26 

83.92 

78.59 
7105 


•37 
•32 
•47 
•51 
•36 
•47 


-Specific  Gravity  Measurements. 


Wsol. 

1002.031 
1005. 224 
1010.591 
1015.671 
1021.143 
1031.770 


L. 
4.4814 
4.2969 
4- 1425 
3  9234 

It  will  be  seen  that 


m. 

0.05 
0.075 

O.IO 

o.  10 


70.47 
65  51 
61.30 

55^47 


Table  XXXII.- 
Alm. 
4.6566 


IVsalt. 

2.14 

6.537 
13074 
19.611 
26.148 
39.222 

-Hydrates. 
L'. 

4-6451 
4  3434 
4.1808 

3 • 9648 


Wh,o. 

Per  cent  of 
correction. 

999.891 

0.088 

998.687 

O.I3I 

991-bT^l 

0.248 

996 . 060 

0.394 

994-995 

0.500 

992.548 

0.745 

M. 

H. 

I  957 

39-15 

0.595 

7-93 

0.509 

5-09 

0.5805 

3-87 

4.3606 
4.2018 
3-9955 
like  strontium  nitrate,  the  molecular 
lowering  of  the  freezing  point  decreases  regularly  as  the  con- 
centration increases,  without  showing  a  minimum  value. 

The  amount  of  water  held  in  combination  decreases  rapidly 
and  reaches  a  minimum  at  o.i  normal. 

The  hydration  per  molecule  is  very  small,  as  we  should  ex- 
pect, since  the  salt  in  its  solid  state  is  anhydrous.  In  the 
more  dilute  solutions,  however,  where  the  ions  predominate, 
the  hydration  is  of  the  same  order  as  that  of  the  other  nitrates 
of  the  alkali  earths. 
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This  is,  indeed,  convincing  proof  that  the  ions  themselves 
have  great  hydrating  power. 

It  was  pointed  out  in  the  introduction  that  if  there  were 
no  hydration  the  corrected  molecular  lowering  of  the  freezing 
point  should  be  equal  to  the  corrected  lowering.  A  glance 
at  Table  XXXII.  will  show  how  closely  the  assumption  agrees 
with  facts.  The  values  for  the  corrected  freezing  point  low- 
erings  for  the  three  most  concentrated  solutions,  in  which  the 
hydration  is  least,  are  only  about  one  per  cent  higher  than  the 
calculated  values.  Moreover,  if  there  is  no  hydration  and 
if  we  may  disregard  the  effect  of  viscosity  upon  the  velocity 
of  the  ions,  we  should  expect  the  dissociation  as  measured  by 
the  conductivity  and  freezing  point  methods  to  be  the  same. 
That  this  is  true  may  be  seen  by  consulting  the  values  of  a 
for  0.075,  o.io,  and  0.25  normal  in  Tables  XXIX.  and  XXX. 
Owing  to  slight  hydration,  the  amounts  of  dissociation,  as 
measured  by  the  freezing  point  method,  are  slightly  higher 
than  those  measured  by  the  conductivity  method. 

The  curves  for  barium  nitrate  are  given  in  Figs.  III.  and 
IV. 

Since  the  two  barium  salts  studied  are  so  slightly  soluble, 
it  was  thought  best  to  add  the  tables  for  the  hydrates  of  bar- 
ium bromide  and  barium  iodide  which  were  prepared  by 
Jones  and  Bassett.^  Both  of  these  salts  crystallize  with  two 
molecules  of  water  of  crystallization. 

Table  XX XI 1 1. —Hydrates. 


m. 

a. 

L. 

A/w. 

U. 

M. 

H 

0. 10 

79 

3 

4.81 

5.06 

5  04 

2-54 

25 

4 

0.15 

77 

7 

4 

75 

4.91 

4 

88 

1.48 

9 

9 

0.25 

73 

8 

4 

60 

5.00 

4 

96 

403 

16 

I 

0.40 

71 

3 

4 

52 

509 

5 

03 

5.63 

14 

I 

0.50 

68 

8 

4 

42 

5-18 

5 

09 

6.22 

12 

5 

0.6774 

65 

3 

4 

29 

5-74 

5 

59 

12.92 

19 

I 

0.9032 

64 

8 

4 

27 

5.87 

5 

66 

13.64 

15 

I 

I. 1290 

61 

.  I 

4 

13 

6.24 

5 

93 

16.88 

14 

9 

I  3548 

58 

•4 

4 

03 

6.66 

6 

28 

19.90 

14 

7 

I . 5806 

55 

.6 

3 

93 

7.12 

6 

63 

22.66 

14 

3 

1.884 

50 

.90 

3 

75 

7.67 

7 

06 

26.05 

14 

4 

2.258 

41 

.  I 

3 

39 

8-343 

7 

58 

30.71 

13 

6 

'  This  Journal,  33,  553  (1905);  34,  306  (1905). 


7IO 


Jones  and  Pearce. 


Table  XXXIV. -Hydrates. 

m. 

a. 

L. 

^\m. 

L'. 

M. 

H. 

0.076 

78.6 

4.78 

4.92 

4.91 

1-47 

19.3 

0.153 

75-9 

4 

68 

5  00 

4 

96 

3-14 

20.5 

0.306 

74-9 

4 

65 

517 

5 

08 

4.70 

15-4 

0.612 

71.0 

4 

54 

6.08 

5 

86 

12.51 

20.4 

0.917 

64.8 

4 

27 

6.69 

6 

29 

17.84 

19.5 

I  .222 

61. 1 

4 

13 

7-54 

6 

98 

22.70 

18. 1 

1.528 

55-5 

3 

92 

8.67 

7 

83 

27.74 

18.2 

1.834 

5I-I 

3 

76 

9-54 

8 

44 

31.92 

17.4 

2.139 

450 

3 

53 

II  .22 

9 

67 

35.28 

16.5 

The  solubilities  of  these  two  salts  are  nearly  equal  to  that 
of  the  other  halides  of  the  calcium  group.  It  is  very  probable, 
owing  to  the  fact  that  Jones  and  Bassett  used  a  thermometer  less 
sensitive  than  the  one  employed  in  this  work,  that  the  observed 
freezing  point  lowerings  for  the  most  dilute  solutions  are  too  low. 
This  would,  of  necessity,  give  low  values  for  the  total  com- 
bined water  and  for  the  hydration. 

The  values  of  M  for  these  salts  increases  regularly  with 
increase  in  concentration.  The  magnitude  of  hydration 
for  each  salt  is  approximately  constant.  If  we  compare  the 
values  of  H  for  the  four  barium  salts  in  Tables  XVI.,  XXXII., 
XXXIII.,  and  XXXIV.,  we  see  that  of  the  halides  the  iodide  has 
the  greatest  hydrating  power,  and  the  chloride  the  least,  while 
the  bromide  stands  intermediate  between  the  other  two. 
The  nitrate  has  the  least  hydrating  power. 

Since  the  chloride,  bromide,  and  iodide  crystallize  each  with 
two  molecules  of  water,  we  should  expect  the  observed  molec- 
ular lowering  to  be  greater  than  the  calculated.  Experimen- 
tal results  confirm  this. 

Cobalt  Chloride. 

An  approximately  two  normal  solution  was  first  made 
up.  A  portion  of  this  was  diluted  to  convenient  strength, 
and  the  cobalt  determined  electrolytically. 

Cobalt  chloride  crystallizes  with  6  molecules  of  water,  and, 
like  the  other  chlorides  with  the  same  amount  of  water  of 
crystalHzation,  has  a  large  hydrating  power.  The  results  are 
just  what  we  should  expect. 
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Table  XXXV.— F 

reezing  Poir 

itM 

easuren 

lents. 

m. 

A. 

Ajm. 

i. 

a. 

O.OI 

0.06241 
0.1394 

6.241 

5-5786 

0.025 

2 

9992 

99.96 

0.05 

0 . 2609 

5.2186 

2 

8057 

90.28 

0.075 

0.3356 

5-1413 

2 

7641 

88.20 

0. 10 

O.5110 

5 . 1 100 

2 

7473 

87.36 

0.25 

I . 3040 

5.2160 

2 

8043 

0.50 

2.8371 

5  6743 

3 

0507 

0.75 

4.5860 

6.1147 

3 

2874 

1. 00 

6.7157 

6.7157 

3 

6105 

1-5 

12. 1308 

8.0871 

4 

3532 

2.0 

17.7342 

8.8671 

4 

7672 

Table  XXXVI. — Conductivity  Measurements. 
/Aoo  0°  =  117  (Jones  and  Bassett)^ 

a. 
96 


V. 

100 

40 

20 

13 

34 

10 

4 

2 

I 

334 

0 

667 

0 

5 

113 

06 

104 

86 

99 

30 

96 

00 

92 

26 

83 

79 

73 

86 

66 

15 

59 

58 

48 

59 

38 

51 

Table  XXXVII. — Specific  Gravity  Measurements. 


m. 

3p.  gr. 

Wsol. 

I 

Vsalt. 

Wh,o. 

O.OI 

I.OOII59 

looi. 159 

1.299 

999 . 860 

0.025 

003052 

1003.052 

3 

247 

999 • 805 

0.05 

006065 

1006.065 

6 

495 

999.5703 

0.075 

009190 

1009. 190 

9 

7425 

999-447 

O.IO 

012386 

1012.386 

12 

990 

999.396 

0.25 

03049 

1030.491 

32 

475 

998.016 

0.50 

05492 

1054.924 

64 

95 

989.974 

0.75 

09118 

1089. 180 

97 

425 

991-655 

I  .00 

1 1847 

II18.471 

129 

90 

988.571 

1-5 

17502 

1175.026 

194 

85 

980. 176 

2.0 

23637 

1236.376 

25 

98 

976.576 

'  This  Jouf 

NAL,  33,  567  (1905). 

Per  cent  of 
correction. 

0.014 

0.019 

0.043 

0.055 

0.060 

0.  19 

I  .00 
0.83 

1.  14 
1.98 
2.34 


712 


Jones  and  Pearce. 


Table  XXXVIIL- 

—Hydrates. 

m. 

a.              L. 

A/m. 

L'. 

M. 

H. 

0.025 

89.62      5    1938 

5  5786 

5-5776 

3.822 

152.88 

0.05 

84 

87     5 

0717 

5 

2186 

5 

2164 

2 

122 

42.44 

0.075 

82 

05     4 

9122 

5 

1413 

5 

1385 

2 

444 

33-68 

0. 10 

78 

85     4 

7932 

5 

1 100 

5 

1070 

3 

413 

34-13 

0.25 

71 

61     4 

7098 

5 

2160 

5 

2057 

5 

292 

28.31 

0.50 

63 

41     4 

2088 

5 

6743 

5 

6176 

13 

93 

27.86 

0.75 

56 

54     3 

9632 

6 

1417 

5 

9937 

18 

22 

25.09 

1. 00 

50 

92     3 

7542 

6 

7157 

6 

6394 

24 

14 

24.14 

1-5 

41 

53     3 

4049 

8 

0871 

7 

9270 

31 

69 

21. 1 

2.0 

32 

91     3 

0842 

8 

8671 

8 

6594 

35 

76 

17.88 

[  It  will  be  noted,  first  of  all,  that  the  freezing  point  lower- 
ings  for  all  concentrations  are  greater  than  for  any  of  the  salts 


70 
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t-T    6.25 
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thus  far  studied,  and  hence  there  is  a  correspondingly  greater 
difiference  between  the  observed  and  calculated  lowerings.  The 
amount  of  water  combined  with  the  salt  increases  regularly 
from  0.05  normal  to  the  piost  concentrated  solution,  as  shown 
by  Fig.  VI.  The  hydration  per  molecule  decreases  rapidly 
in  the  most  dilute  solutions,  and  approaches  a  constant  value 
at  0.25  normal.     For  the  curve  for  hydrates,  see  Fig.  V. 


Cobalt  Nitrate. 

Cobalt  nitrate,  like  cobalt  chloride,  crystallizes  with  6  mole- 
cules of  water,  and  we  should  expect  it  to  have  hydrating 
power  of  the  same  order  of  magnitude.  The  data  given  in 
the  following  tables  show  that  such  is  the  case.  What  has 
been  said  regarding  cobalt  chloride  applies  equally  well  to 
the  nitrate. 

The  curves  for  the  values  of  H  and  M  are  found  in  Figs. 
VII.  and  VIII.,  respectively. 
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Concentration. 
Fig.  VII. 


2  5 


Table  XXXIX. — Freezing  Point  Measurements. 

yn.  A,  A/m.  i.  a. 


O.  lO 

0.0553 

5 

5300 

2.9731 

98.65 

0.025 

0.1341 

5 

3640 

2.8731 

93  65 

0.05 

0.2572 

5 

1434 

2.7652 

88.26 

0.075 

0.3812 

5 

0826 

2.7218 

86.09 

O.IO 

0.5005 

5 

0050 

2 . 7096 

85.48 

0.25 

1.2705 

5 

0082 

2.7323 

0.50 

2.708 

5 

417 

2.9125 

0.75 

4-338 

5 

784 

3 • 1099 

1. 00 

6.220 

6 

220 

3 • 3441 

1.5 

10.888 

7 

192 

3.8668 

2.0 

18.863 

9 

431 

5  0701 

Dissociation  by  Freezing  Point  Lowering.  715 


m. 
o.oi 
0.025 
0.05 
0.075 
10 
25 
5 

75 
00 


V. 

100 

40 

20 

13- 334 
10 

4 

2 

1-333 
I 

0.668 
0.5 

Table  XLI 
Sp.  gr. 
I. 001496 
003863 


Concentration, 
Fig.  VIII. 

Table   XL. — Conductivity. 
/too  0°  =  117.6.^ 

f^v.  a. 

108.66  92.40 

100.69  85.62 

96.12  81.73 

9167  77-95 

89 .94  76 . 48 

81.48  69.28 

72.94  62.02 

6532  55.54 

58.89  50.08 

47-57  40.45 

37  10  31 -55 


o 
o 
o 
o 

I 

1-5 
2.0 


-Specific  Gravity  Measurements. 

fVsol. 

100 I .496 
1003 . 863 

007579  1007.579 

011289  1011.289 

015084  1015.084 

03737  1037.37 

07415  1074-15 

1 1204  I  no.  04 

I46I2  II46.I2 

21720  1217.20 

28576  1285.76 


IVsalt. 

fVf/,o. 

1.830 

999.652 

4-577 

999.286 

9-154 

998.425 

13-731 

997  558 

18.308 

996.776 

45-77 

991.603 

91-54 

982.61 

137-31 

972.73 

183.08 

963.04 

274.62 

942 . 58 

366.16 

919.60 

Per  cent  of 
correction. 

0.033 

0.071 

157 

244 

322 

83 

73 
72 
69 
74 
8.04 
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m. 

0.025 
0.05 
0.075 
o.  10 
0.25 
0.5 
0.75 
1 .00 

1-5 
2.0 


Table  XLIL— Hydrates. 

U. 

3602 

1354 
0702 


a 

L. 

A/w. 

85.62 

5  0451 

5 • 3640     5 • 

81 

73 

4 

9003 

5 

1434     5- 

77 

95 

4 

7597 

5 

0826     5- 

76 

48 

4 

7050 

5 

0050     4 

69 

28 

4 

437 

5 

082       5. 

62 

02 

4 

167 

5 

417       5- 

55 

54 

3 

926 

5 

784       5 

50 

08 

3 

723 

6 

220       5 

40 

45 

3 

364 

7 

192       6 

31 

55 

3 

033 

9 

431       8 

0296 

323 

627 

990 

779 
607 


M. 
,266 

544 
,402 
.161 

445 
12.070 
16.880 
21 .020 
27.980 
30.123 


H. 

130.6 

50.8 

45-3 
31.6 

25.8 
24.1 
22.5 
21 .0 
18.7 
18.0 


Copper  Chloride. 

Diluted  portions  of  the  mother  solution  were  taken  and 
the  copper  in  them  determined  electrolytically. 

While  copper  chloride  crystallizes  with  two  molecules  of 
water,  its  power  to  combine  with  water  is  of  the  same  order 
of  magnitude  as  that  of  cobalt  chloride  and  cobalt  nitrate, 
as  may  be  seen  in  the  curves,  Figs.  V.  and  VII. 

The  total  amount  of  water  combined  with  the  electrolyte 
passes  through  a  minimum  at  about  0.05  normal  and  then 
increases  rapidly  with  increase  in  concentration.  This  is 
seen  in  Fig.  VI. 


Table  XLIII. — Freezing  Point  Measurements. 

m. 

A. 

^|m. 

i. 

a. 

O.OI 

0.05703 

5 • 7030 

0.05 

0 . 24944 

4 

9888 

2.6821 

84.  10 

0.075 

0.37075 

4 

9433 

2.6576 

80.82 

O.IOO 

0.48665 

4 

8665 

2.6164 

0.25 

1.2237 

4 

894 

2.6316 

0.50 

2.669 

5 

338 

2.8701 

0.75 

4  245 

5 

661 

3  0436 

1.00 

5-994 

5 

994 

3.2228 

1.50 

10.105 

6 

737 

3.6220 

2.0 

15 -294 

7 

647 

4. 1112 
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Table  XLIV. — Condticiivity  Measurements. 


/*oo  0 

=  120  (Jones and  iJas 

settj . 

V. 

f^v. 

a. 

100 

110.55 

92.12 

20 

95.88 

79.98 

13.34 

93.27 

77.72 

10 

90.21 

75.17 

4 

80.20 

66.83 

2 

6908 

57.56 

1.334 

61.03 

50.86 

I 

54.01 

45.00 

0.6666 

41.81 

34.84 

0.5 

31.56 

26.30 

Table  XLV 

— specific  Gravity  Measurements. 

m.             Sp.  gr. 

Wsol.                  Wsalt. 

77/               Per  cent  of 
yyjiiU.       correction. 

o.oi       I. 001 208 

1001.208         1.345 

999.863      0.013 

0.05       I 

006370 

1006.370         6.725 

999 

645     0.035 

0.075     I 

009264 

1009.264       10.0875 

999 

176     0.084 

0. 10       I 

012614 

1012.614       13450 

999 

164     0.263 

0.20       I 

030991 

1030.991       33  625 

997 

366     0.263 

0.50       I 

051479 

1061.479       67.25 

994 

229     0.57 

0.75       I 

090912 

1090.91       100.87 

990 

037     0.99 

1. 00       I 

120249 

1120.24       134.5 

985 

749     I  42 

1.50       I 

177618 

1177.61       201.75 

975 

868     2.41 

2.0         I 

234551 

1234.55       269.0 

965 

55       3-44 

Table  XLV  I. —Hydrates. 


m. 

a. 

L. 

A/w. 

L'. 

M. 

H. 

0.05 

79.98     4  8352     4  9888 

4.9871 

I   693 

33  85 

0.075 

77 

72     4 

7511     4 

9433 

4 

9392 

2. 116 

28.21 

0.  10 

75 

17     4 

6563     4 

8665 

4 

8695 

2.354 

23 -54 

0.20 

66 

83     4 

3460     4 

8949 

4 

8821 

6.091 

24.36 

0.50 

57 

56     4 

0012     5 

3384 

5 

3076 

1367 

27 -34 

0.75 

50 

86     3 

7519     5 

661 1 

5 

5748 

18.17 

24.22 

1. 00 

45 

00     3 

5340     5 

9945 

5 

9088 

22.33 

22.33 

1.50 

34 

84     3 

1560     6 

7370 

6 

5747 

26.66 

17.78 

2.00 

26 

30     2 

8383     7 

6470 

7 

3836 

34.20 

17. 10 

This  Journal,  33.  576  (1905). 
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Copper  Nitrate. 

The  mother  solution  of  the  salt  was  diluted  to  convenient 
strength  and  the  copper  determined  electrolytically. 

Copper  nitrate  crystallizes  with  6  molecules  of  water  and, 
therefore,  should  give  us  hydration  of  the  same  order  of  mag- 
nitude as  that  found  for  the  nitrate  of  cobalt  and  nickel, 
which  crystallize  with  the  same  amount  of  water.  Refer- 
ence to  Table  L.  will  show  that  this  is  the  fact.  The  minimum 
for  the  total  amount  of  combined  water  is  pronounced  and 
lies  between  0.075  and  0.25  normal.  The  hydration  per  mole- 
cule decreases  rapidly  with  increase  in  concentration  to  0.25 
normal,  and  then  becomes  approximately  constant. 

The  curves  representing  the  values  of  H  and  M  are  given 
in  Figs.  VII.  and  VIII. ,  respectively. 


Table  XLVII. — Freezing  Point  Measurements. 

m. 

A. 

A/w. 

i. 

a. 

o.oi 

0 

05736 

5  7365 

3.0841 

0.025 

0 

13852 

5- 

5401 

2.9785 

98.92 

0.05 

0 

25540 

5- 

1081 

2 . 7463 

87-31 

0.075 

0 

36979 

4- 

9306 

2.6508 

82.54 

0.25 

I 

221 

4- 

885 

2.6264 

81.32 

0.5 

2 

589 

5- 

178 

2.7841 

0.75 

4 

190 

5- 

587 

3-0039 

0.935 

5 

512 

5- 

895 

3.1696 

1.50 

10 

284 

6. 

856 

3.6861 

2.0 

16 

89 

8.44 

4-5419 

Table  XLVIIL- 

Conductivity  Measurements. 

/^oo  0°  =   118.^ 

V. 

tJ-v. 

a. 

100 

108 

.84 

92.24 

40 

lOI 

.2 

85 -76 

20 

95 

■7 

81.10 

13-34 

91 

.86 

77-85 

4 

79 
69 

•4 
.8 

57-29 

1-334 

62 

0 

52.54 

1.069s 

56 

89 

48.21 

0.667 

44 

.0 

37-29 

0.5 

33 

■47 

28.36 

>  This  Journal, 

33, 

578  (1905) 
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Table  XLIX. — Specific  Gravity  Measurements. 


m. 

Sp.  gr. 

Wsol. 

Wsalt. 

IVh.o. 

Per  cent,  of 
correction 

O.OI 

.001504 

looi . 5049 

1.876 

999.628 

0.037 

0.025 

. 004076 

1004.0764 

4.692 

999 

384 

0.061 

0.05 

.007859 

1007.8599 

9.384 

998 

4759 

0.152 

0.075 

.011715 

IOII.7155 

14.076 

997 

6395 

0.236 

0.25 

. 040290 

1040.2903 

46.920 

993 

370 

0.663 

0.50 

.07723 

1077.230 

93 • 840 

983 

390 

1.66 

0.75 

. 1 1469 

III4.699 

140.76 

973 

930 

2.607 

0.935 

. 14262 

1142.627 

174.48 

968 

140 

3.188 

1-5 

.22618 

1226. 183 

281.52 

944 

660 

5-53 

2.0 

.29262 

1292.623 

375.36 

917 

26 

8.27 

Table  L. — Hydrates. 


0.025 
0.05 

0.075 
0.25 
50 
75 
935 
50 
o 


L. 


76     5 

0502     5 

10     4 

8769     5 

.85     4 

7560     4 

29     4 

363       4 

15     4 

060       5 

54     3 

814       5 

21     3 

653       5 

.29     3 

247       6 

.36     2 

914       8 

A/m. 

5401 

1081 

9306 

885 

178 

587 

895 

856 

44 


5.5368 
5 • 1005 
4.9188 
4.852 
5.092 

5.441 
5.708 

6.447 
7.749 


Af. 

4.882 

2.435 

1.839 

5.607 

II .261 

16.612 

19.953 

27.575 

34  65 


H. 
195.2 
48.7 
24.5 
22.4 
22.5 
22.15 
21.3 
18.38 
17.32 


Nickel  Nitrate. 

The  nickel  was  determined  electrolytically  in  diluted  por- 
tions of  the  mother  solution. 

The  hydrating  power  of  nickel  nitrate  is  of  the  same  order 
of  magnitude  as  that  of  cobalt  and  copper  nitrates,  which  crys- 
talUze  with  the  same  amounts  of  water  (see  Fig.  IX.).  The 
total  combined  water  passes  through  a  minimum  at  0.05  nor- 
mal and  then  increases  rapidly  with  increasing  concentra- 
tion (see  Fig.  X.). 
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Table  LI. — Freezing  Point  Measurements. 
m.  A.  Ljtn.  i. 


O.OI 

0.0550 

5- 

5070 

2.9607 

98.03 

0.025         0.1299 

5- 

i960 

2.7950 

89 -75 

0.05          0.2487 

4- 

9745 

2.6744 

83.72 

0.075         0.3664 

4- 

8854 

2.6265 

81.32 

0 .  10           0 .  4960 

4- 

9602 

2 . 6667 

0.25           I. 251 

5- 

003 

2.6901 

0.5           2.652 

5- 

305 

2.8524 

0.75        4213 

5- 

618 

3.0205 

I. 00             6.IOI 

6. 

lOI 

3.2801 

1.5         10.576 

7. 

051 

3.7910 

2.0           17  050 

8.523 

4-5334 

Table  LII. — Conductivity  Measurements. 

Iia:,  0°  =   117. 

2.^ 

K 

f^. 

a. 

100 

106.77 

91.10 

40 

IOC 

•31 

85-58 

20 

93 

•57 

79  83 

13 -34 

8s 

•74 

76.77 

10 

87 

.84 

74-94 

4 

8c 

).o7 

68.31 

2 

71 

•44 

60.95 

1-334 

64 

^.o6 

54.65 

1.0 

5> 

^38 

48.95 

0.667 

4! 

).79 

39.06 

0.5 

3  = 

.61 

30.38 

Table  LIII. — Specific  Gravity  Measurements. 

m.             Sp.  gr.             Wsoi.                 ) 

jr    ,              I//-,,  ^        Per  cent  of 
Vsalt.           Wh,0.       correction. 

o 

01        1.001521      lOOI 

521         I 

8278      999 

693     0.030 

o 

025     1.003882     1003 

882         4 

5695     999 

312     0.068 

o 

05       I 

007792       1007 

792         9 

139         998 

653     0.134 

o 

075     I 

011541      lOII 

541        13 

7085     997 

029     0.216 

o 

10       I 

015307       IOI5 

377       18 

278       997 

029     0.291 

o 

•25       I 

03837          1038 

37         45 

695       992 

68       0.732 

o 

•5          I 

0761 I          1076 

II         91 

390       984 

72       1.527 

o 

•75       I 

II3IO         III3 

10       137 

08         976 

01       2.39 

I 

.0         I 

14562          I 145 

62       182 

. 78         962 

88       3.71 

I 

•5         I 

22134          I22I 

•  34       274 

-17         947 

17       528 

2 

.0         I 

29459          1294 

•59       365  56         929 

03       7.09 

1 

This  Jour 

MAL,  33.  574  (1905). 
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rable  LIV.— Hydrates. 

L. 

Aim. 

L*. 

M, 

H. 

8296 

4-9745 

4.9679 

1-545 

30.9 

7084 

4.8854 

4 

8749 

1.797 

25-3 

7084 

4.8854 

4 

8749 

1.897 

25-3 

6477 

4  9675 

4 

8721 

2.560 

25-6 

401 

5  0036 

4 

9670 

6.329 

25-3 

127 

5  305 

5 

225 

II .672 

23-3 

894 

5618 

5 

484 

16. 102 

21.4 

700 

6. 102 

5 

875 

20.561 

20.5 

313 

7051 

6 

679 

27.998 

18.6 

990 

8.525 

7 

921 

34  58 

17-3 

Before  going  farther,  it  will  be  interesting  to  note  the  great 
similarity  between  the  salts  of  cobalt,  copper,  and  nickel  which 
we  have  just  studied.  Solutions  of  the  same  concentrations 
were  used  in  all  five  salts. 

Reference  to  Figs.  VI.,  VIII.,  and  X.  will  show  at  a  glance 
the  close  relation  between  the  amounts  of  water  held  in  com- 
bination by  these  salts,  whether  they  are  chlorides  or  nitrates. 
We  are  not  surprised  at  this,  since,  with  the  exception  of  cop- 
per chloride,  all  crystallize  with  6  molecules  of  water.  In 
fact,  we  found  it  impossible  to  put  more  than  two  curves  on 
one  sheet,  so  closely  did  the  values  agree.  From  the  min- 
imum in  the  most  concentrated  solutions  studied,  the  magni- 
tude of  the  hydrating  power  is  a  linear  function  of  the  concen- 
tration. In  other  words,  each  hydrate  has  its  own  definite 
composition,  which  varies  with  every  concentration. 

The  curves  representing  the  hydration  per  molecule  (Figs. 
v.,  VII.,  and  IX.)  show  the  same  striking  similarity.  They  are 
almost  asymptotic  with  the  two  coordinates.  The  hydration 
per  molecule  decreases  very  rapidly,  for  the  very  dilute  solu- 
tions, to  approximately  the  same  concentration,  when  they 
become  nearly  constant  for  further  increase  in  concentration. 

Two  conclusions  are  to  be  drawn  from  these  relations.  It 
will  be  noted  that  the  molecular  hydration  and  the  total  amount 
of  water  held  in  combination  are  the  same  for  any  two  salts 
containing  a  common  cation.      It  seems  most  probable  that 

if  the  two  anions,  CI  and  NO3,  possessed  very  different  hydra- 
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ting  power,  this  influence  would  manifest  itself.  It  is  a  well- 
known  fact  that  organic  acids  possess  little  or  no  hydrating 
power,  and  in  the  work  which  we  have  done  upon  the  strong 
acids — hydrochloric,  nitric,  and  sulphuric — this  has  been  found 
to  hold  in  the  dilute  solutions,  where  the  dissociation  is  prac- 
tically complete. 

This  would  lead  us  to  conclude  that  the  hydrating  power 
of  any  salt  is  primarily  a  function  of  the  cation. 

In  the  discussion  of  the  nitrates  and  chlorides  of  the  alkaline 
earth  group,  attention  was  called  to  the  fact  that  the  hydra- 
ting power  of  those  salts  is  an  inverse  function  of  the  atomic 
volumes. 
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In  the  case  of  the  salts  of  cobalt,  copper,  and  nickel  which 
we  have  studied,  we  have  to  do  with  cations  which  have  ap- 
proximately the  same  atomic  volumes. 

As  stated  by  Ostwald,^  the  migration  velocity  of  an  organic 
acid  decreases  with  increase  in  the  mass  of  the  anion,  as  well 
as  with  increase  in  the  mass  of  the  cation  in  case  of  the  organic 
bases.  We  should  expect,  then,  to  obtain  larger  values  for 
conductivity  than  those  given  by  the  alkaUne  earth  metals. 
Experiment  shows  the  opposite  to  be  the  fact.  We  are,  there- 
fore, forced  to  believe  that  the  effect  of  the  atomic  volume 
of  the  ions  upon  the  conductivity  is  more  than  compensated 
for  by  the  relatively  large  volume  of  the  ionic  complex. 

Bredig2  pointed  out  the  fact  that  the  migration  velocities 
of  elementary  cations  are  a  periodic  function  of  the  atomic 
weights.  When  plotted  in  a  curve,  where  the  ordinates  rep- 
resent velocities  and  the  abscissas  the  atomic  weights,  it  will 
be  seen  that  the  alkali  metals  lie  very  near  the  maxima  of 
the  curve,  along  with  the  halogens.  At  the  extreme  minima 
we  find  aluminium  and  chromium.  Slightly  above  these  lie 
the  metals  of  the  copper  group,  zinc,  and  cadmium;  while 
still  higher  are  to  be  found  the  metals  of  the  alkaline  earths. 

The  significance  of  this  periodic  relation  between  the  migra- 
tion velocities  of  the  cations  and  the  atomic  weights  has  never 
been  satisfactorily  explained. 

We  believe  that  we  have  found  the  cause  of  this  phenomenon. 
Of  two  ions  or  ionic  complexes  of  different  volumes,  that  one 
will  meet  with  less  friction  on  moving  through  the  solution 
which  has  the  smaller  volume.  Consequently,  it  will  have 
the  greater  velocity.  On  the  other  hand,  the  greater  the  vol- 
ume, the  greater  will  be  the  friction  to  be  overcome  by  the 
ion,  and,  hence,  the  smaller  the  velocity.  Therefore,  we  should 
expect  to  find  that  those  salts  which  crystallize  with  little 
or  no  water  of  crystalHzation  give  greater  values  for  conduc- 
tivity than  those  crystallizing  with  a  greater  amount. 

It  is  a  well-known  law  that  the  conductivity  of  an  electro- 
lyte depends  upon  the  velocities  of  the  ions.  These  veloci- 
ties, in  turn,  depend  upon  the  fluidity  and  the  volume  of  the 

»  Lehrbuch,  2,  679. 

2  Z.  physik.  Chem.,  13,  242  (1894). 
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ion.     The  greater  the  volume,  the  greater  will  be  the  resist- 
ance offered  to  the  movement  of  the  ions. 

If  we  consider  the  alkalis  we  find  that  potassium,  rubidium, 
and  caesium,  which  have  the  largest  atomic  volumes  and 
whose  salts  generally  crystallize  without  water,  have  the  great- 
est migration  velocities,  while  lithium  and  sodium,  which  have 
smaller  atomic  volumes  and  whose  salts  crystallize  with  two 
or  three  molecules  of  water,  have  very  much  smaller  migra- 
tion velocities. 

Comparing  the  members  of  the  calcium  group,  we  find  that 
the  atomic  volumes  increase  with  increasing  atomic  weight. 
The  migration  velocities  of  the  cations  calcium  and  strontium, 
whose  salts  usually  crystallize  with  6  molecules  of  water,  are 
approximately  equal  to  that  of  the  barium  cation,  whose 
salts  crystallize  either  with  two  molecules  of  water,  or  water- 
free.  On  the  other  hand,  the  magnesium  cation,  of  smaller 
atomic  volume,  has  a  sHghtly  smaller  migration  velocity,  due 
to  the  more  complex  composition  of  its  hydrates. 

The  cations  of  cobalt,  copper,  and  nickel  have  approximately 
the  same  atomic  weights,  the  same  atomic  volume,  and  the  same 
hydrating  power.  Since  these  cations  have  the  greatest 
hydrating  power  of  any  which  we  have  studied,  we  should 
expect  them  to  have  the  smallest  migration  velocities,  and 
such  is  the  case. 

Aluminium  Chloride. 

Special  interest  is  attached  to  the  study  of  aluminium 
chloride,  owing  to  the  fact  that  it  is  a  quaternary  electrolyte 
and  crystallizes  with  six  molecules  of  water. 

The  hydrolytic  effect  of  water  upon  this  salt,  in  dilute  solu- 
tions, can  be  noted  in  the  first  two  concentrations.  The  hy- 
drochloric acid  liberated  is  almost  completely  dissociated 
at  the  dilutions  in  question,  thus  giving  values  for  L  which  are 
considerably  higher  than  would  be  obtained  if  the  salt  were 
not  hydrolyzed.  This  may  be  attributed  to  one  of  two  causes : 
the  very  high  migration  velocity  of  the  hydrogen  ion;  its  ina- 
bility to  form  hydrates;  or  both.  It  is  at  about  0.075 
normal  that  the  influence  due  to  the  hydration  of  the  alumin- 
ium cation  begins  to  predominate.    Just  as  we  should  ex- 
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pect,  the  number  of  molecules  of  water  held  in  combination 
by  one  molecule  of  the  electrolyte  is  large  and  increases  very 
rapidly  with  increase  in  concentration  (see  Fig.  VI.).  In  the 
curve  representing  the  hydration  per  molecule  (Fig.  V.), 
that  part  representing  concentrations  between  0.075  and  0.5 
normal  represents  the  abnormality  in  the  hydration  due  to 
hydrolysis. 

A  glance  at  column  a  (Table  LVIII.)  shows  us  that,  in  spite 
of  the  tendency  of  this  salt  to  hydrolyze,  the  dissociation  de- 
creases very  rapidly  with  increase  in  concentration.  This 
is  just  what  might  be  predicted.  Its  atomic  volume  is  very 
small  and  the  hydrating  power  of  its  cation  very  large.  There- 
fore, it  should  have  a  very  small  migration  velocity. 

Table  LV. — Freezing  Point  Measurements. 


m. 

A. 

^|m. 

t. 

a. 

o.oi 

0 

712 

7. 1200 

3.8279 

94.26 

0.025 

0 

1623 

6 . 4940 

3 

4193 

80.64 

0.05 

0 

3053 

6. 1060 

3 

2827 

76.09 

0.075 

0 

4511 

6.0153 

3 

2340 

74.46 

0.  10 

0 

4511 

6.0850 

3 

2704 

0.25 

I 

6604 

6.641 

3 

5708 

0.50 

3 

9446 

7.889 

4 

2415 

0.75 

7 

1339 

9-5II 

5 

1137 

1. 00 

II 

795 

11-795 

6 

341 

1-5 

25 

5^ 

17.000 

9 

1398 

2.0 

48 

5' 

24-25 

13 

037 

Table  LVL— 

-Conductivity  Measurements. 

•^oo 

0°  =  170.2 

V. 

Mz^. 

a. 

100 

156.48 

92.04 

40 

141.24 

83 

08 

20 

130-44 

76 

72 

13- 

334 

126.66 

74 

50 

10 

122.07 

71 

80 

4 

106.90 

62 

88 

2 

88.60 

52 

II 

I 

333 

75.02 

44 

12 

I 

61.93 

36 

42 

I 

6667 

41  .62 

24 

48 

0 

5 

25-47 

14 

98 

1  These  freezing  points  were 

determined  by  means  of  an  alcohol  thermometer. 

and  freezing  mixtures  of  solid  carbon  dioxide  and  ether. 

2  This  Journal 

31, 

333  (1904). 
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o.oi 

0.025 

0.05 

0.075 

o.  I 

0.25 

0.55 


1 .00 
1-5 


Table  LVII 
Sp.  gr. 

I .00104 
I .00282 
I . 00588 
I .00870 
I .01158 
I .02911 
1.05706 
I  08431 

I  11054 
I . 16308 
I. 21378 


— Specific  Gravity  Measurements 

Wsol.  Wsalt.  fVHtO 


looi .04 
1002.82 
1005 . 88 
1008 . 70 
1011.58 
1029. II 
1057.06 
1084.31 

mo.  54 
1163.08 
1213.78 


I • 3345 
3  3625 
6.6725 
10.0087 
13 -345 
33  36 
66.725 
100.087 

133-45 

200.175 

266.90 


999 
999 
999 
998 
998 
995 
990 
988 

977 
962 
946 


71 
49 
21 
70 
24 
75 
33 
22 

09 
905 


Per  cent  of 
correction. 

0.029 

0.051 

0.079 

0.130 

0.176 

0.425 
0.966 

1-57 
2.29 
3- 70 
5-31 


Table  LVII  I.— Hydrates. 


m. 
O.OI 

0.025 

0.05 

0.075 

o.  10 

0.25 

0.5 

1. 00 

1-5 

2.0 


92.04 
83.08 
76.72 
74-50 
71.80 
62.88 
44.12 
36.42 
24.48 
14.98 


L. 
6.9958 
6.4958 
6. 1409 
6.0111 
5.8664 
5-368 
4-321 
3.892 
3-225 


A/m. 
1200 
4940 
1060 
1526 
1560 
.641 
9-511 
11-795 
1 7 . 000 


2.695   24.25 


7. I 180 
6 . 4907 
6. 1012 

6.1447 
6.1452 
6.613 
9.362 

11-523 
16.369 
22.963 


M. 

H. 

•52 

25 

-54 

42. 

-91 

39- 

-78 

36. 

.60 

29. 

03 

24. 

Sodium  Bromide. 

Dilute  portions  of  the  mother  solution  were  standardized 
volumetrically  by  Volhard's  method.  This  salt  differs  from 
those  preceding  in  that  it  is  a  binary  electrolyte  and  crystal- 
lizes with  two  molecules  of  water.  A  study  of  Table  LXII. 
brings  out  the  same  general  results.  The  observed  molecular 
lowering  passes  through  a  minimum  between  0.5  and  0.75 
normal.  The  minimum  in  the  total  amount  of  combined 
water  occurs  at  o.io  normal.  From  the  amounts  of  water 
which  combine  with  one  gram  molecule  of  the  salt,  it  will  be 
seen  that  the  sodium  cation  has  nearly  the  same  hydrating 
power  in  dilute  solutions  as  do  the  cations  of  the  calcium  and 
copper  groups. 

The  atomic  volume  of  sodium  is  slightly  more  than  half 
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that  of  potassium.  Its  hydrating  power,  however,  for  the 
more  dilute  solutions  is  much  greater.  If,  then,  the  amount 
of  hydration  of  the  sodium  ion  is  more  than  sufficient  to  com- 
pensate for  the  inverse  volume  relations,  we  should  expect  the 
migration  velocity  of  sodium  to  be  less  than  that  of  potassium. 
This  has  been  found  to  be  the  case.^ 

The  atomic  volume  of  sodium  is  also  slightly  less  than  that 
of  calcium,  and  considerably  less  than  those  of  strontium  and 
barium;  yet,  owing  to  the  greater  hydration  of  the  cations 
of  the  calcium  group,  its  migration  velocity  is  greater. 

For  the  curves  representing  the  values  of  H  and  M,  see  Figs. 
IX.  and  X. 

Table  LIX. — Freezing  Point  Measurements. 


m. 

A. 

1^1 7)1. 

/. 

a. 

o.oi 

0 

03936 
0952 

7.    Qlfio 

0.025 

0 

0 

3 

8090 

2 

0478 

104.78 

0.05 

0 

1863 

3 

7260 

2 

0032 

100.32 

0.075 

0 

2727 

3 

636 

9548 

95.48 

o.io 

0 

3572 

3 

572 

9204 

92.04 

0.25 

0 

885 

3 

543 

9049 

90.49 

0.50 

I 

787 

3 

574 

9215 

0.75 

2 

696 

3 

595 

9327 

1 .00 

3 

633 

3 

633 

9481 

1-5 

5 

654 

3 

769 

2 

0263 

2.00 

7 

746 

3-873 

2.0822 

Table  LX.- 

Conductivity  Measurements. 

M 

00  0°  =  64.48 

2 

y. 

Mz/. 

a. 

100 

61.  12 

94.78 

40 

59  02 

91 

53 

20 

57.67 

89 

44 

13- 

334 

56.33 

87 

36 

10 

55-28 

85 

73 

4 

51.08 

79 

21 

2 

49-51 

76 

78 

I . 

333 

49.06 

76 

08 

I 

47.61 

73 

83 

0. 

6667 

45  50 

70 

56 

0. 

5 

4 

2.70 

66 

22 

»  Bredig:  Z.  physik.  Chem.,  IS,  242  (1894). 
s  This  Journal,   34,  375  (1905). 
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Ta6/e  LX/. — Specific  Gravity  Measurements. 


m. 

o.oi 

0.025 

0.05 

0.075 

o.  10 

0.25 

0.50 

0-75 
1 .00 

1-5 
2.00 


Sp.  gr. 

.000732 

.002177 

. 004074 

.005972 

.00788 

.01964 

.03908 

.05811 

.07632 

.11963 

.15240 


fVsol. 


1000 
1002 
1004 
1005 

1007 
IOI9 

1039 
1058 

1076 
III9 

II52 


732 

177 

074 
972 

88 
64 
08 
II 
32 
63 
40 


U'salt. 
1.030 
2.575 
5-150 
7-725 
10.30 
25-75 
51-50 
77.25 
103.01 

154-51 
206.02 


77/  Per  cent  of 

t^JioU.         correction. 


999 
999 
998 
998 
997 
993 
987 
980 
973 
965 
946 


70 

602 

924 

247 

58 

89 

58 

86 

31 
12 

38 


0.030 
0.040 
o.  107 

0.175 

0.24 

0.61 

1.24 

1. 91 

2.66 

3-48 

5-36 


Table  LXII. 


025 
05 
075 
10 

25 

50 

0.75 

I. GO 

1-5 
2.00 


a 

L. 

A/m. 

91-53  3  5624 

3-805 

3- 

89 

44  3 

5235 

3 

7260 

3- 

87 

36  3 

4848 

3 

636 

3- 

85 

73  3 

4545 

3 

572 

3- 

79 

21  3 

333 

3 

543 

3- 

76 

78  3 

288 

3 

574 

3 

76 

08  3 

275 

3 

595 

3 

72 

83  3 

233 

3 

633 

3 

70 

56  3 

172 

3 

769 

3 

66 

22  3 

lOI 

3 

873 

3 

Hydrates. 
L'. 

.8075 

.7221 

.6297 

-5635 

-521 

•529 

•526 

.536 

•637 

.665 


M. 

3-575 
2.963 
2.217 
1 .  700 

2.974 
3-803 
3.961 
4  763 
7.103 
8.547 


H. 
143.0 
59-2 
24.29 
17.00 
11.89 
7.60 
5-28 
4.76 

4-73 
4.27 
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Hydrochloric  Acid. 

Having  investigated  fifteen  salts,  we  next  turned  our  at- 
tention to  the  study  of  some  of  the  more  common  acids. 

An  approximately  three  normal  solution  of  hydrochloric 
acid  was  prepared.  Dilute  portions  of  the  mother  solution 
were  then  titrated  against  a  standard  solution  of  potassium 
hydroxide  free  from  carbonate.  This,  in  turn,  had  been  stand- 
ardized by  means  of  a  tenth  normal  solution  of  freshly  pre- 
pared oxalic  acid.  The  results  are  given  in  Tables  LXIIL 
to  LXVI. 

A  glance  at  Table  LXVI.  shows  that,  for  the  more  dilute 
solutions,  the  corrected  observed  freezing  point  lowering  (L') 
is  less  than  that  calculated  from  the  dissociation.  This  is 
due  to  one  of  two  causes:  the  very  high  migration  velocity 
of  the  hydrogen  ion,  or  its  inability  to  form  hydrates. 

The  minimum  in  the  freezing  point  lowering  occurs  at  about 
0.25  normal.  For  dilutions  greater  than  0.5  normal,  there 
is  no  evidence  of  hydration.  At  0.5  normal,  however,  the 
hygroscopic  property  of  the  molecular  hydrochloric  acid  be- 
gins to  predominate  over  the  effect  of  decrease  in  dissociation. 
From  this  point  the  amount  of  combined  water  increases 
with  increase  in  concentration.  The  corresponding  values 
of  H  differ  from  those  of  the  other  electrolytes  thus  far  studied 
in  that  they,  also,  increase  as  the  concentration  increases. 

The  values  of  H  and  M,  for  hydrochloric  acid,  are  plotted 
in  Figs.  I.  and  II. 


Table  LXIIL- 

-Freezing  Point  Measurements. 

m. 

A. 

Ajfn. 

i. 

a. 

0.025 

0.0902 

3 . 6080 

1-9377 

93-97 

0.05 

0.1799 

3 

5980 

9344 

93-44 

0.075 

0.2681 

3 

5752 

9221 

92.21 

0. 10 

0.3567 

3 

5670 

9177 

91.77 

0.25 

0.8862 

3 

5450 

9059 

90.59 

0.50 

I.  841 

3 

682 

9794 

0.75 

2.852 

3 

804 

2 

0450 

1. 00 

3-975 

3 

975 

2 

1372 

1.50 

6.452 

4 

30 1 

2 

3123 

2.00 

9  367 

4 

683 

2 

5177 

730 
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Table  LXIV . — Condtictivity  Measurements. 


^00  0°  =  236.92. 

V. 

IJ-v. 

0 

t. 

40 

23395 

98 

75 

20 

232.60 

98 

18 

13 

33 

231.87 

97 

87 

10 

228.61 

96 

49 

4 

222. 17 

93 

77 

2 

211.79 

89 

39 

I 

333 

203.28 

85 

80 

I 

199    85 

84 

35 

0 

667 

181.79 

76 

73 

0 

5 

168.04 

70 

93 

Table  LXV. 

— Specific  Gravity  Measurements 

m. 

Sp.  gr. 

Wsol.                   Wsalt. 

Wh,o. 

Per  cent  of 
correction. 

0.025 

1.00034 

1000.34            0.91 I 

999.429 

0.057 

0.05 

OOIOI 

looi.oi         1.822 

999.188 

0.081 

0.075 

00135 

1001.35       2.734 

998.616 

0.138 

0. 10 

00180 

1001.80      3.645 

998.155 

0.184 

0.25 

00425 

1004.25      9. 114 

999.136 

0.486 

0.50 

00849 

1008.49       18.229 

990.261 

0.973 

0.75 

01264 

1012.64      27.343 

985.297 

1.47 

1. 00 

01749 

1017.49     36-458 

981.032 

1.896 

1-5 

02542 

1025.42       54  687 

970.733 

2.92 

2.0 

03414 

1034.14       72.916 

961.224 

3-87 

m. 
0.025 
0.05 
0.075 
o.  10 

25 

20 

75 
00 

5 
o 


98 

75 

98 

18 

97 

87 

96 

40 

93 

77 

85 

80 

84 

35 

76 

73 

70 

93 

Table  LXV  I.— Hydrates. 

L.  Aim.  U. 


6967     3 

6080     3 

6861     3 

5980     3 

6803     3 

5752     3 

6547     3 

5670     3 

6041     3 

5450     3 

5021     3 

5310     3 

455       3 

803       3 

■428       3 

975       3 

■287       4 

301       4 

179       4 

683       4 

6060 

5960 
5702 
5610 
5280 

6260 

747 

899 

176 

502 


M. 


580 

33 

707 

820 

32 
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Nitric  Acid. 

A  moderately  concentrated  solution  was  first  made  up, 
care  having  been  taken  that  the  acid  used  contained  none 
of  the  oxides  of  nitrogen  in  solution. 

Dilute  portions  of  this  were  standardized  volumetrically 
against  a  solution  of  potassium  hydroxide. 

lyike  hydrochloric  acid,  dilute  solutions  of  nitric  acid  ex- 
hibit no  tendency  to  form  hydrates.  No  appreciable  power 
to  combine  with  water  is  manifested  until  the  concentration 
0.75  normal  is  reached.  The  amount  of  total  combined  water, 
then,  increases  with  increase  in  concentration.  The  same  re- 
sults are  obtained  for  the  values  of  H.  For  curves  repre- 
senting the  values  of  H  and  M  see  Figs.  III.  and  IV. 


Table  LXVIL- 

-Freezing  Point  Measurements. 

m. 

A. 

Llm. 

i. 

a. 

0.025 

0.09035 

3.6140 

I • 9430 

94  30 

0.05 

O.1791 

3 

5830 

9263 

92.63 

0.075 

0.2678 

3 

5713 

9200 

92.00 

0. 10 

0.3547 

3 

5470 

9069 

90.69 

0.25 

0.8869 

3 

4576 

9073 

90.73 

0.50 

1.798 

3 

597 

9341 

0.75 

2.766 

3 

681 

9736 

1 .00 

3-749 

3 

749 

2 

0156 

1-5 

5-955 

3 

970 

2 

1344 

2.0 

8.383 

4 

191 

2 

2532 

Table  LXVIII. — Conductivity  Measurements. 


/*00    0°    -    237.07. 

V. 

t^v. 

a. 

40 

234.89 

99  08 

20 

233-88 

98 

65 

13-33 

229.66 

96 

87 

10 

226.24 

95 

43 

4 

222.82 

93 

99 

2 

216.63 

91 

38 

1-334 

211.43 

89 

17 

I.O 

203.72 

85 

93 

0.5 

177.15 

74 

71 

732  Jones  and  Pearce. 

Table  LXIX. — Specific  Gravity  Measurements. 


m. 

Sp.  gr. 

Wsol. 

Wsalt. 

Wh 

lO. 

Per  cent  of 
correction. 

0.025 

I .000926 

1000 

.926 

1-576 

999 

35 

0.065 

0.05 

001798 

lOOI 

•798 

3-152 

998 

64 

0-134 

0.075 

002653 

1002 

•653 

4.728 

997 

92 

0.207 

0.  10 

003496 

1003 

.496 

6.304 

997 

19 

0.281 

0.25 

008481 

1008 

.48 

15.762 

992 

71 

0.728 

0.5 

01686 

IO16 

.86 

31-524 

985 

34 

1-465 

0.75 

02503 

1025 

•03 

48.280 

976 

75 

2-325 

1. 00 

03360 

1033 

.60 

63.050 

970 

55 

2-945 

2.00 

06700 

1067 

.00       I 

26.090 

940 

91 

5  909 

Table  L XX.— Hydrates. 

m. 

a. 

L. 

A/m. 

U. 

M. 

H. 

0.025 

99.08      3 

7028 

3.6140 

3.6124      .... 

0.05 

98 

.65     3 

6948 

3 

5830 

3 

5790      . 

0.075 

96 

•87     3 

6617 

3 

5713 

3 

5640      . 

0. 10 

95 

•43     3 

6348 

3 

5470 

3 

5370      . 

0.25 

93 

•99     3 

6062 

3 

5476 

3 

5210      . 

0.5 

91 

•38     3 

559 

3 

597 

3 

544 

0.75 

89 

■17     3 

518 

3 

680 

3 

595 

I 

i8( 

3     1-57 

1. 00 

85 

•93     3 

450 

3 

749 

3 

639 

2 

88( 

D       2.88 

2.00 

74 

•71     3 

249 

4 

191 

3 

944 

9 

78 

4.89 

c 

mlphuric 

Acid 

08 

07. 

Dilute  portions  of  the  mother  solution  were  titrated  against 
the  standard  potassium  hydroxide  used  for  the  previous  acids. 

The  results  are  given  in  Tables  LXXI.  to  LXXIV. ;  the  curves 
in  Figs.  IX.  and  X. 

In  dilute  solutions  no  water  is  held  in  combination.  The 
total  amount  of  water  held  in  combination  by  the  acid,  and 
the  hydration  per  molecule,  increases  with  concentration  from 
0.75  to  2  normal. 

Table  LXXI. — Freezing  Point  Measurements. 


m. 

A. 

Aim. 

i. 

a. 

O.OI 

0.04872 

4.8720 

2.6193 

80.96 

0.025 

O.II79 

4 

7184 

2-5367 

76.84 

0.050 

0.2182 

4 

3640 

2  -  3462 

67-31 

0.075 

0.3157 

4 

2099 

2.2634 

63.17 

0.  10 

0.4043 

4 

0434 

2.1738 

58.69 

0.25 

0.9865 

3 

9460 

2.I215 

56.07 

0.50 

2.0033 

4 

0066 

2.I54I 

0.75 

3-II74 

4 

156 

2 . 2346 

1. 00 

4-379 

4 

379 

2  -  3544 

1-50 

7.265 

4 

843 

2 . 6042 

2.0 

II .296 

5 

648 

3  0365 

Dissociation  by  Freezing  Point  Lowering. 


733 


Table  LXXIL — Conductivity  Measurements. 

/*oo  0°  =  48542. 

V. 

Mz/. 

a. 

lOO 

398.34 

82 

06 

40 

353 

•41 

72 

80 

20 

335 

•56 

69 

13 

13 

34 

323 

•43 

66 

63 

10 

314 

.42 

64 

78 

4 

296 

•30 

61 

•04 

2 

281 

•52 

57 

99 

I 

■334 

271 

•25 

55 

.88 

I 

.00 

259 

•05 

53 

•37 

0 

.6667 

234 

.38 

48 

.28 

0 

•5 

209.28 

43 

.  II 

Table  LXXIIL—Si- 

^ecific  Gravity  Measurements. 

m. 

Sp.gr 

Wsol. 

IVsaii. 

Wh.o. 

Per  cent  of 
correction. 

O.OI 

I . 0007 

19 

1 00c 

.719 

0.980 

999 

74 

0.026 

0.025 

001907 

100 1 

•91 

2. 

451 

999 

45 

0.054 

0.05 

003551 

1003 

•55 

4- 

902 

998 

65 

0.135 

0.075 

0051 

52 

1005 

•15 

7- 

353 

997 

79 

0.220 

0.1 

00677 

1006 

•77 

9- 

807 

996 

97 

0.303 

0.25 

0161 

8 

lOlt 

.18 

24- 

51 

991 

67 

0.832 

0.5 

0321 

8 

1032 

.18 

49  • 

03 

983 

14 

1.68 

0.75 

04760 

1047 

.60 

73  • 

53 

974 

07 

2^59 

1. 00 

06307 

106: 

;o7 

98. 

07 

964 

99 

3  50 

1-5 

09345 

109: 

;45     147  • 

II 

946 

34 

5^36 

2.0 

I. 123] 

6 

112:; 

551      196.15 

926.99 

730 

Table  LXXIV.- 

Hydrates 

m. 

a. 

L. 

A/m. 

L.' 

M. 

H. 

O.OI 

82.06 

4 

9126 

4.8720 

4.8708 

0.025 

72 

.80 

4 

5681 

4.7184 

4-7I5S 

0.05 

69 

•13 

4 

4316 

4- 

3640 

4 

•3582 

0.075 

66 

■63 

4 

3386 

4^ 

2099 

4 

.2007 

O.IO 

64 

.78 

4 

2698 

4- 

0434 

4 

•0312 

0.25 

61 

.04 

4 

1306 

3^ 

9460 

3 

.9132 

0.5 

57 

•99 

4 

017 

4- 

266 

3 

.939 

0.75 

55 

.88 

3 

938 

4- 

156 

4 

.048 

I 

•512 

2 

.00 

I.O 

53 

•37 

3 

845 

4- 

379 

4 

.226 

5 

.OOzj 

^   5 

.00 

1-5 

48 

.28 

3 

656 

4- 

844 

4 

•585 

II 

•25/ 

7 

•  50 

2.0 

43 

.  II 

3 

464 

5- 

648^ 

5 

.236 

18 

.80] 

9 

.40 

»  Jones  and  G 

etman 

:  Z 

physik.  Chen 

a.,  46, 

272 

(1903). 
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A  comparison  of  Figs.  I.,  III.,  and  IX.  shows  that  the  hy- 
drating  powers  of  hydrochloric  and  sulphuric  acids  are  of  ap- 
proximately the  same  order  of  magnitude,  while  that  of  nitric 
acid  is  slightly  less. 

Figs.  II.,  IV.,  and  X.,  representing  the  total  amounts  of 
combined  water  for  the  three  acids,  show  that  the  same  re- 
lation holds  here  as  for  the  hydrates. 

Discussion. 

Fifteen  salts  and  three  strong  acids  have  been  studied  in 
this  investigation.  We  have  worked  with  solutions  cover- 
ing a  range  of  concentration  from  o.oi  to  2.0  normal;  at  one 
extremity  are  found  to  predominate,  in  a  very  pronounced 
manner,  those  influences  due  to  the  ions;  at  the  other,  those 
due  to  the  molecules  also  manifest  themselves.  In  this  way 
we  have  attempted  to  compare  the  relative  effects  of  the  ions 
and  the  molecules  upon  the  molecular  lowering  of  the  freezing 
point  and  the  dissociation. 

Comparing,  first  of  all,  the  freezing  point  lowerings  for  any 
given  solution,  it  is  found  that,  without  exception,  the  molec- 
ular lowering  calculated  from  the  dissociation  decreases  regu- 
larly with  increasing  concentration.  Naturally,  this  follows 
from  the  fact  that  the  decrease  in  dissociation  is  regular 
throughout.  On  the  other  hand,  the  corrected  observed 
freezing  point  lowering  decreases  very  rapidly  in  the  dilute 
solutions,  passes  through  a  very  pronounced  minimum,  and 
then  increases  as  the  concentration  increases.  A  glance  at 
the  tables  of  the  hydrates  shows  that  in  every  case  the  ob- 
served molecular  lowering  produced  by  any  salt  is  greater 
than  the  calculated  lowering  based  on  conductivity  measure- 
ments. 

If  there  were  no  hydration,  we  should  expect  the  observed 
and  the  calculated  molecular  lowerings  to  be  equal,  except 
for  the  difference  due  to  the  influence  of  the  friction  between 
the  ion  and  the  solvent.  The  nearest  approach  to  this  con- 
dition which  we  have  met  is  found  in  the  most  concentrated 
solutions  of  barium  nitrate.  Here  the  observed  molecular  low- 
ering is  about  one  per  cent  greater  than  the  calculated  value. 
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An  equally  satisfactory  agreement  was  found  by  Jones  and  Stine 
for  solutions  of  potassium  chloride,  which,  likewise,  crystallizes 
without  water. 

The  values  of  M  and  H  also  show  that  the  abnormality  of 
the  freezing  point  lowering  in  the  dilute  solutions  is  greatly 
augmented  by  the  relatively  great  hydrating  power  of  the 
ions. 

Since,  then,  the  hydration  of  the  ion  increases  with  increase 
in  dilution,  the  volume  and  mass  of  the  ionic  complex  is  greater, 
the  more  dilute  the  solution;  and,  therefore,  the  greater  will 
be  the  resistance  to  be  overcome  by  the  ion  as  it  moves  through 
the  solvent.  This  being  the  case,  the  dissociation  as  meas- 
ured by  the  conductivity  method  will  be  less  than  the  true 
dissociation,  and  the  abnormality  in  the  dissociation  meas- 
ured will  increase  with  increasing  dilution. 

The  effect  produced  by  adding  more  of  the  given  electro- 
lyte will  be  to  break  down  these  larger  hydrates  into  simpler 
ones  with  smaller  volume,  thus  decreasing  the  resistance  to 
the  motion  of  the  hydrated  ion. 

This  agrees  well  with  the  results  of  Jones  and  Uhler.^  They 
found  that  the  number  of  ether  waves  of  different  wave 
length  with  which  a  given  particle  will  vibrate  in  resonance 
decreases  with  increasing  dilution,  thereby  producing  a  nar- 
rowing of  the  absorption  bands.  On  the  other  hand,  the  ad- 
dition of  more  of  the  same  electrolyte,  or  a  strong  dehydra- 
ting agent,  decreases  the  complexity  of  the  hydrate,  thereby 
decreasing  its  period.  As  a  result,  the  particles  are  free  to 
vibrate  in  resonance  with  a  greater  number  of  wave  lengths, 
and  the  absorption  bands  widen. 

It  will  be  seen  that,  with  the  exception  of  magnesium  chlor- 
ide, the  value  of  M,  the  total  amount  of  water  held  in  com- 
bination by  one  molecule  of  the  electrol5rte,  decreases  rapidly 
in  the  dilute  solutions,  passes  through  a  minimum,  and  then 
becomes  a  linear  function  of  the  concentration. 

The  hydration  per  molecule  decreases  rapidly,  to  approxi- 
mately the  same  concentration  which  corresponds  to  a  min- 
imum in  the  freezing  point  lowering,  and  then  remains 
practically     constant       as      the      concentration    ■  increases. 

>  This  Journal,  37,  126  (1907) ;  Carnegie  Inst.  (Washington),  Memoir  No.  60. 
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Eliminating  the  hydration  due  to  the  ions,  the  hydration  per 
molecule  in  solution  over  a  given  range  of  temperature  is  con- 
stant, just  as  the  amount  of  water  with  which  that  same  salt 
will  crystallize  from  solution  is  constant  for  a  given  range  of 
temperature.  This  relation  is  best  illustrated  by  the  curves 
representing  the  values  of  H.  They  are  almost  asymptotic 
to  the  coordinates. 

Having  found  that  the  ions  of  a  salt  are  hydrated,  the  next 
question  which  arises  is  this:  Is  it  the  cation  or  the  anion 
which  has  the  greater  hydra  ting  power? 

Nernst,  Garrard,  and  Oppermann,^  in  a  study  of  the  con- 
centration changes  which  take  place  in  an  indifferent  sub- 
stance during  electrolysis,  have  calculated  that  the  ions  SO4, 

CI,  Br,  and  NO3  drag  with  them  9,  5,  4,  and  2.5  molecules  of 
water,  respectively. 

It  is  seen  from  a  study  of  the  chlorides  and  nitrates  of  the 
copper  group,  each  of  which  crystallizes  with  6  molecules 
of  water  (copper  chloride  alone  separating  with  two  mole- 
cules), that  the  hydration  per  molecule  is  approximately  the 
same  for  all  of  these  salts.      If,  as  Nernst  and  his  coworkers 

have  found,  the  hydrating  power  of  the  NO3  ion  is  only  one- 
half  that  of  the  CI  ion,  then  we  should  expect  the  influence 
of  the  hydrating  power  of  these  two  anions  to  manifest  itself 
in  the  hydrating  power  of  the  salts  in  question,  and  especially 
so  since  the  three  cations  are  so  nearly  alike  chemically.  On 
the  basis  of  this  reasoning  we  are  forced  to  conclude  that  the 
hydrating  power  of  any  salt  is  primarily  a  junction  of  the  cation. 

We  do  not  deny  that  the  anions  are  capable  of  forming  hy- 
drates; but,  if  they  do,  experiments  lead  us  to  believe  that 
they  have  this  power  only  to  a  relatively  slight  degree. 

We  have  noted  also  this  striking  relation.  It  is  well  known 
that  if  the  atomic  volumes  of  the  elements  are  plotted  as  or- 
dinates  against  the  atomic  weights  as  abscissas,  there  exists 
between  them  a  periodic  relation.  At  the  maxima  of  the  curve 
are  the  alkali  metals.     The  three  elements  having  the  largest 

«  Gottingen  Nachr.,  1900,  p.  86. 
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atomic  volumes  are  potassium,  rubidium,  and  caesium.  Salts 
of  these  metals  usually  crystallize  from  aqueous  solution  in 
the  anhydrous  form,  and  as  experiments  have  shown,  they 
have  very  slight  hydrating  power  in  solution.  Lithium  and 
sodium,  some  of  whose  salts  crystallize  with  two  and  three 
molecules  of  water,  have  much  smaller  atomic  volumes. 

At  the  minimum  of  the  third  section  of  the  atomic  weight 
curve  we  find  the  elements  strontium,  iron,  cobalt,  copper, 
and  nickel.  The  salts  of  these  metals  crystallize  with  large 
amounts  of  water  and  show  great  hydrating  power  in  solu- 
tion. Aluminium,  which  has  less  than  half  the  atomic  weight 
of  iron,  but  slightly  greater  atomic  volume,  lies  at  the  second 
minimum.  Its  salts  crystallize  with  8  and  9  molecules  of 
water  and  show  great  hydrating  power  in  solution. 

Comparing  the  metals  of  the  alkaline  earth  group  we  find 
that  barium,  whose  salts  crystallize  with  two  molecules  of 
water  or  water-free,  has  the  largest  atomic  volume.  The 
other  members  of  this  group  form  salts  which  crystallize 
with  6  molecules,  calcium  nitrate  excepted.  The  magne- 
sium cation,  which  has  the  smallest  atomic  volume,  has  the 
greatest  hydrating  power  in  solution;  the  strontium  cation, 
which  has  the  largest  atomic  volume,  has  a  smaller  hydra- 
ting power  than  does  the  calcium  cation,  whose  atomic  vol- 
ume is  slightly  less. 

This  is  conclusive  evidence  that  the  hydrating  power  of  the 
cation  is  an  inverse  function  of  its  atomic  volume. 

That  the  velocities  of  the  ions  are  an  inverse  function  of 
their  mass  (and  perhaps  of  their  volumes)  is  an  estabHshed 
fact.  Experimental  evidence,  however,  seems  at  variance 
with  this  statement.  We  should  expect  those  ions  which 
have  the  smallest  atomic  volumes  to  have  the  greatest  migra- 
tion velocities.  On  the  contrary,  we  find  that  potassium, 
rubidium,  and  caesium   have  the   greatest   migration  veloci- 

+  - 

ties  (H  and  OH  excepted),  while  the  ions  of  the  iron  and 

copper  groups,  with  very  small  atomic  volumes,  have  the 
smallest  migration  velocities. 

A  glance  at  the  two  curves  representing  the  relation  be- 
tween atomic  volume  and  atomic  weights,  and  between  migra- 
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tion  velocities  and  atomic  weights,  shows  at  once  the  cause 
of  this  apparent  anomaly.  It  has  been  shown  that  those 
elements  which  have  the  smallest  atomic  volumes  have  the 
greatest  hydrating  power,  and  vice  versa.  We  see,  then,  that 
those  ions  which  have  the  smallest  migration  velocities  have  also 
the  greatest  hydrating  power. 

A  somewhat  detailed  comparison  of  the  members  of  the 
different  groups  will  bring  out  this  idea  more  clearly. 

The  atomic  volumes  of  potassium,  rubidium,  and  caesium 
increase  rapidly  with  increasing  atomic  weights,  and,  as  a 
rule,  their  salts  crystallize  without  water.  We  should  ex- 
pect, then,  the  potassium  ion  to  have  the  greatest  migration 
velocity,  and  the  caesium  ion  to  have  the  smallest.  Ex- 
periments show  that  they  have  approximately  the  same  migra- 
tion velocities.  Sodium  and  lithium,  whose  atomic  volumes 
are  less  than  half  that  of  potassium,  have  migration  veloci- 
ties which  are  only  about  two-thirds  that  of  potassium. 
It  will  be  remembered  that  sodium  and  Uthium  form  salts 
which  may  crystallize  with  2  and  3  molecules  of  water,  re- 
spectively. Hence  we  may  assume  that  the  increase  in  vol- 
ume of  the  sodium  and  lithium  ions,  due  to  the  formation 
of  a  relatively  large  hydrate,  decreases  the  velocity  of  those 
ions  to  a  far  greater  extent  than  the  sUght  hydration  of  the 
large  potassium  ion  decreases  the  velocity  of  that  ion. 

The  atomic  volume  of  lithium  is  about  one-half  that  of 
sodium,  and  the  maximum  amount  of  water  with  which  lith- 
ium salts  crystallize  from  solution  is  3  molecules,  whereas 
the  maximum  for  sodium  salts  is  2  molecules.  Since  the 
ratio  of  2 :  3  represents  approximately  the  ratio  of  the  hydra- 
ting power  of  the  two  ions  in  solution,  we  should  expect  the 
effect,  upon  the  velocity,  of  the  greater  increase  in  the  vol- 
ume of  the  small  lithium  ion,  due  to  its  hydration,  to  compen- 
sate somewhat  for  the  smaller  increase  in  the  volume  of  the 
larger  sodium  ion.  Experiment  shows  that  the  migration 
velocities  are  nearly  equal. 

The  same  relation  holds  for  the  metals  of  the  alkaline 
earth  group.  The  atomic  volumes  increase  with  increasing 
atomic  weight.     The  migration  velocities  of   the  cations  cal- 
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cium  and  strontium,  whose  salts  crystallize  with  6  molecules 
of  water,  are  approximately  equal  to  that  of  the  barium 
cation,  whose  salts  crystallize  either  with  2  molecules  of  water, 
or  water-free.  On  the  other  hand,  the  magnesium  cation, 
which  has  one-half  the  atomic  volume  of  the  calcium  ion, 
has  nearly  the  same  migration  velocity,  due  to  compensation 
between  the  atomic  volumes  and  the  hydration  of  the  ions. 

The  calcium  ion  has  a  slightly  greater  atomic  volume  than 
sodium,  yet,  owing  to  its  much  greater  hydrating  power,  its 
migration  velocity  is  considerably  less. 

The  cations  of  copper,  cobalt,  and  nickel  have  nearly  the 
same  atomic  volumes  and  the  same  hydrating  power.  We 
should  expect  them  to  have  the  same  migration  velocity, 
and  such  is  the  case. 

The  atomic  volumes  of  the  halogens,  chlorine,  bromine,  and 
iodine,  are  approximately  the  same.  If  their  ions  are  hy- 
drated  we  should  expect  them  to  combine  with  the  same  amount 
of  water,  and,  therefore,  they  should  give  migration  veloci- 
ties of  the  same  order  of  magnitude.  This  has  been  found  to 
be  the  case.  The  atomic  volume  of  fluorine  has  not  been  de- 
termined, but  from  its  position  on  the  migration  velocity 
curve  we  should  infer  that  its  atomic  volume  is  smaller  than 
that  of  the  halogens,  and  that  its  ion  possesses  a  considera- 
ble degree  of  hydrating  power. 

Further,  it  will  be  noted  that  the  migration  velocities  of 
the  halogens  are  almost  identical  with  those  of  the  alkalis 
standing  next  above  them  in  order  of  atomic  weights,  whereas 
their  atomic  volumes  are  very  much  smaller.  This  leads  us 
to  believe  that  the  compensation,  which  brings  about  an 
equalization  of  the  migration  velocities  of  the  two  groups,  is 
due  to  the  increase  in  volume  of  the  alkali  ions  by  hydration. 

The  silver  ion  alone  of  all  the  metallic  elements  for  which 
satisfactory  data  can  be  found  presents  an  exception.  It 
has  a  small  atomic  volume,  and  its  salts  crystallize  from  solu- 
tion without  water.  We  should  expect  it  to  have  but  slight 
hydrating  power  in  solution  and  it  should,  therefore,  have  a 
high  migration  velocity,  but  this  has  been  found  to  be  slightly 
less  than  that  of  the  halogens. 
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According  to  the  law  of  Raoult,  the  lowering  of  the  freez- 
ing point  of  a  given  weight  of  solvent  by  a  dissolved  substance 
is  directly  proportional  to  the  amount  of  the  substance  dis- 
solved, providing  that  substance  is  a  non  electrolyte.  In 
the  case  of  electrolytes  the  lowering  produced  by  gram  molec- 
ular weights  of  the  dissolved  substances  are  greater  than  those 
produced  by  gram  molecular  weights  of  non  electrolytes. 
This  abnormality  in  the  case  of  electrolytes  is  explained  by 
the  fact  that  an  ion  and  a  molecule  lower  the  freezing  point 
to  the  same  extent. 

The  fact  is  that  the  freezing  point  method  gives  us  a  rela- 
tion between  the  amount  of  solvent  acting  as  such  and  the 
number  of  dissolved  particles,  whether  they  are  molecules 
or  ions. 

Having  determined  the  freezing  point  lowering  for  any 
concentration  of  a  given  electrolyte,  it  is  an  easy  matter  to 
calculate  the  amount  of  dissociation.  For  binary  electro- 
lytes a  is  obtained  from  the  expression  a  =  i — i,  where  i  is 

i —  I 
the   van't   Hoff   i.     For  ternary  electrolytes,    a  =  ,   and 

for  quaternary  electrolytes  a  = . 

We  have  calculated  the  values  of  a  from  the  molecular 
lowerings  of  all  the  solutions  studied,  for  the  dilute  solutions 
up  to  the  concentration  at  which  the  molecular  lowering 
passes  through  a  minimum.  Beyond  this  concentration 
the  molecular  lowering  of  the  freezing  point  increases,  due  to 
hydration,  and,  consequently,  the  calculated  dissociation 
would  increase.  For  that  reason  the  values  of  a  have  not 
been  calculated. 

In  the  case  of  every  salt  studied,  without  exception,  the 
dissociation  as  calculated  from  the  freezing  point  lowering  is 
higher  than  the  dissociation  as  calculated  from  the  conductivity 
measurements. 

This  will  be  seen  by  comparing  the  values  obtained  for  a 
in  the  tables  representing  the  freezing  point  and  conductivity 
measurements  for  each  salt. 

If  there  were  no  hydration,  these  values  should  be  equal. 
Since  the  freezing  point  measurements  give  us  the  most  ac- 
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curate  relation  between  the  amount  of  the  actual  solvent 
and  the  number  of  dissolved  particles,  it,  therefore,  must  give 
us  the  most  accurate  measure  of  the  dissociation,  when  hy- 
dration is  taken  into  account. 

The  conductivity  of  a  solution  is,  as  we  have  seen,  depend- 
ent upon  the  number  of  ions  present,  their  velocity,  their 
mass  and  volume,  and  the  viscosity  of  the  solution.  Since 
the  temperatures  at  which  the  dilute  solutions  freeze  are  ap- 
proximately only  one-fourth  of  a  degree  or  less  below  the 
freezing  point  of  pure  water — the  temperature  at  which  the 
conductivity  measurements  were  made — we  must  conclude 
that  the  number  of  ions  present  and  their  velocities  are  in  the 
two  cases  the  same.  Similarly,  the  viscosity  of  the  solutions 
is  the  same  in  both  measurements  and,  therefore,  the  fric- 
tion between  solvent  and  ion  will  vary  directly  as  the  sur- 
face of  the  latter. 

We  have  shown  that  most  metallic  ions  in  solution  have 
great  hydrating  power,  and  that  the  degree  of  hydration  varies 
inversely  with  the  atomic  volume  of  the  ion.  Those  ions  which 
have  the  greatest  hydrating  power  are  those  which  have  the 
smallest  atomic  volumes,  and  should,  therefore,  if  there  were 
no  hydration,  meet  with  less  friction  in  their  movements 
through  the  solution.  They  should  have  greater  migration 
velocities,  while  exactly  the  opposite  results  are  found. 

A  comparison  of  the  values  of  a  for  a  dilute  solution  of  the 
strong  acids  shows  that  the  dissociation  as  measured  by  con- 
ductivity is  greater  in  every  case  than  the  dissociation  meas- 
ured by  the  freezing  point  method.  In  the  more  concentra- 
ted solutions  the  observed  freezing  point  lowerings  are  higher 
than  the  molecular  lowerings  calculated  from  conductivity. 
This  is  due  to  the  fact  that  the  molecules  or  ions  of  those 
acids  have  considerable  hydrating  power,  and  we  obtain  in 
concentrated  solutions  results  of  the  same  character  as  with 
the  salts. 

S^immary. 

I.  The  freezing  point  lowerings  and  the  conductivities  of 
solutions  of  a  number  of  electrolytes,  over  a  wide  range  of 
concentration,  have  been  carefully  redetermined. 
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2.  We  observe  that  the  molecular  lowerings  of  the  freezing 
point  of  all  the  electrolytes  studied  passes  through  a  very- 
pronounced  minimum  at  concentrations  ranging  from  o.i 
to  0.25  normal.  The  molecular  lowerings  calculated  from 
the  dissociation,  as  measured  by  conductivity,  decrease  regu- 
larly from  the  most  dilute  to  the  most  concentrated  solutions. 

3.  The  magnitude  of  the  molecular  lowerings  produced  by 
molecular  quantities  of  different  salts  varies  directly  as  the 
number  of  molecules  of  water  with  which  those  salts  crystal- 
lize from  solution.  The  magnitude  of  the  hydrating  power  of 
salts  in  solution  is,  in  turn,  proportional  to  the  amount  of 
water  of  crystallization. 

4.  That  the  ions  have  very  great  hydrating  power  is  shown 
by  the  values  of  M  and  H  for  the  different  salts.  The  total 
amount  of  combined  water  decreases  with  increase  in  concen- 
tration, passes  through  a  minimum,  and  then  increases  regu- 
larly with  increase  in  concentration.  The  amount  of  water 
held  in  combination  by  one  molecule  of  a  salt  is  very  large  in 
the  more  dilute  solutions  where  the  ions  predominate.  It 
decreases  rapidly  with  decrease  in  dissociation,  and  approaches 
a  constant  value  at  greater  concentration. 

5.  The  hydrating  power  of  a  salt  is,  primarily,  a  function  of 
the  cation.  The  results  show  that  two  salts  which  crystal- 
lize with  the  same  amounts  of  water  of  crystallization  and 
contain  a  common  cation  exhibit  hydrating  power  of  the 
same  order  of  magnitude. 

6.  It  has  been  found  that  the  hydrating  power  of  a  cation 
is  an  inverse  function  of  its  atomic  volume.  Those  cations 
which  have  the  smallest  atomic  volumes  have  the  greatest 
hydrating  power,  and  vice  versa.  We  may  state  the  relations 
thus:  The  hydrating  power  of  the  ions  is  a  function  of  their 
atomic  weights. 

7.  Furthermore,  we  have  found  that  those  cations  which 
have  the  greatest  migration  velocities  exhibit,  also,  the  small- 
est hydrating  power,  and  vice  versa.  This  probably  accounts 
for  the  apparent  anomaly  which  exists  in  the  relation  between 
the  migration  velocities  of  the  ions  and  their  atomic  weights 
and    atomic    volumes.     The    influence    upon    the    migration 
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velocity  of  the  hydration  of  those  ions  with  small  atomic 
volumes  is  greater  than  that  of  the  small  hydration  of  those 
ions  which  have  large  atomic  volumes. 

8.  In  the  case  of  every  salt  it  has  been  found  that  the  disso- 
ciation in  the  dilute  solutions,  as  measured  by  the  conduc- 
tivity method,  is  less  than  that  calculated  from  the  freezing 
point  lowering.  Since  the  freezing  point  and  conductivity 
measurements  of  the  dilute  solutions  were  made  at  approx- 
imately the  same  temperature,  the  number  of  the  ions  pres- 
ent, their  velocities,  and  their  hydration  are  practically  the 
same  in  both  cases.  The  solutions  have,  likewise,  the  same 
viscosity.  Therefore,  the  friction  between  the  solvent  and 
ion  will  vary  directly  as  the  surface  of  the  latter.  This  being 
the  case,  the  greater  the  dilution,  the  greater  will  be  the  com- 
plexity of  the  hydrate,  and,  consequently,  its  surface.  We 
should  expect  to  find,  therefore,  a  greater  abnormality  in  the 
dissociation,  as  measured  by  the  two  methods,  the  greater 
the  dilution  at  which  the  measurements  are  made.  The  re- 
sults show  this  to  be  the  fact. 

It  is  only  in  case  of  those  salts  which  crystallize  in  the  an- 
hydrous condition  that  we  obtain  comparable  values  for  the 
dissociation,  as  measured  by  the  two  methods.  These  values 
are  found  only  in  those  concentrations  which  lie  close  to  that 
concentration  which  gives  the  minimum  molecular  lowering. 

Johns  Hopkins  Unxversity, 
May,  1907. 


NOTE    ON    THE   ARTICLE    ENTITLED    "STUDIES    IN 
CATALYSIS"  BY  S.  F.  AGREE- ^ 

By  Julius  Stieglitz. 

The  substantial  similarity  in  the  principal  theoretical  con- 
clusions reached  by  me,  as  set  forth  in  an  article^  to  be  pub- 
lished in  the  January  number  of  This  Journal,  and  in  the  paper 
by  S.  F.  Acree,  which  has  just  reached  me,  compels  me  to  add 
the  following  statement  of  facts  in  the  interest  of  the  ques- 
tion of  priority  and  of  historical  truth: 

»  This  Journal,  38,  251  (1907). 

2  This  article  was  received  September  13th,  but  it  has  been  impossible  to  arrange 
for  its  publication  before  January.  Editor. 
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(i)  In  my  address  on  "The  Relations  of  Organic  Chemistry 
to  other  Sciences,  a  Study  in  Catalysis,"  given  in  September, 
1904,  before  the  Congress  of  Arts  and  Sciences  in  St.  Louis, 
and  published  in  the  report  of  the  Congress,  Vol.  IV.,  pp.  276- 
284,  the  leading  ideas  of  the  theory  of  catalysis,  as  now  put  forth 
again  by  Acree  without  due  acknowledgment,  were  already  pre- 
sented. Inthat  address,  the  first  vital  and  decisive  step  was  taken 
to  depart  from  the  old  idea  that  catalytic  action  can  be  studied 
only  in  reactions  which  complied  with  the  three  fundamental  prin- 
ciples so  long  held  regarding  catalysis,  viz.,  that  the  accelera- 
tion is  proportional  to  the  concentration  of  the  catalytic 
agent,  that,  in  particular,  the  catalytic  agent  must  appear 
to  act  by  its  presence  simply  and  not  to  form  a  compound  in 
quantity  with  any  of  the  components,  and,  finally,  that  the 
condition  of  equilibrium  in  a  reversible  reaction  must  not  be 
measurably  changed  by  the  presence  of  the  catalytic  agent. 
I  quote  the  following  introductory  statement:  "These  three 
properties  have  been  assumed  to  be  necessary  and  typical 
characteristics  of  catalytic  action.  But  in  this  investigation, 
in  order  not  to  overlook,  possibly,  the  real  answer  to  our  prob- 
lem, the  vital  fact  of  acceleration}  alone  was  considered  char- 
acteristic, and  it  was  left  to  the  rigorous  application  of  funda- 
mental well-known  laws  of  chemistry  to  develop  why,  inci- 
dentally,^ in  this  and  similar  cases  the  equilibrium  is  not  dis- 
turbed sensibly  and  why  the  catalyzing  acid  appears  to  have 

no  share  in  the  reaction.     From  this  point  of  view , 

the  most  fundamental  fact  concerning  acids  was  recalled, 
the  fact  that  they  have  the  power  to  form  salts^  with  bases 
and  oxides,  etc."  Leaving  the  old  beaten  track,  then,  and 
taking  the  question  of  acceleration  in  a  positive  or  negative 
sense  (p.  279)  as  the  keynote  of  all  catalytic  action,  we  studied 
reactions  where,  by  a  combination  of  a  large  part  of  the  cata- 
lyzer with  a  reacting  component  (the  imidoesters) ,  we  could 
make  "quantitative  measurements  of  all  important  factors" 
and  could  prove  our  point  that  the  acceleration,  positive  or 
negative  (p.  280),  is,  as  a  matter  of  experiment,  due  to  salt  and 
ion  formation   (p.    279,   last  lines).     Then  it  was  shown   (p. 

1  Italics  did  not  appear  in  the  original  statement ;  they  were  then  not  necessary. 
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280),  the  catalysis  of  methyl  acetatei  and  the  esterification 
of  acetic  acid^  being  used  as  illustrations,  that  the  simple  ap- 
plication of  our  common  laws  of  equilibrium  to  the  proved 
fundamental  idea  of  salt  formation  led,  mathematically  and 
chemically,  directly  to  the  three  principles  mentioned  above, 
in  the  case  of  very  weak  bases,  like  methyl  acetate,  when  the 
amount  of  salt  formation  lies  beyond  the  scope  of  our  methods 
of  experimental  measurement.  For  all  other  cases,  the  three 
fundamental  principles  consequently  do  not  apply  and  in  no 
case  do  they  apply  rigorously  (p.  282)  ?  Having  developed 
and  established  this  theory  of  catalysis  in  a  fundamental 
case,  we  considered  all  similar  actions  to  be  simply  matters 
for  experimental  verification  (p,  284). 

This,  then,  is  the  theory  of  catalysis  brought  out  with  ex- 
perimental confirmation  by  myself,  and,  stripped  of  all  purely 
verbal  methods  of  presentation  and  mathematical  and  ex- 
perimental illustrations,  there  is  not  one  single  new  principle 
presented  in  Acree's  paper. ^  The  mathematical  develop- 
ments, the  reactions  studied,  and  the  methods  used  are  simply 
variations  and  imitations  ad  casum  of  the  fundamental  ones 
given  at  the  Congress.  It  should  be  added  that  Mr.  Acree's 
attention  was  specifically  called  to  the  printed  report  of  this 
address  in  December,  1906. 

(2)  Mr.  Acree  spent  the  summer  quarter  (three  months)  of 
1905  in  the  chemical  laboratory  of  the  University  of  Chicago, 
coming — I  quote  his  words —  "to  get  my  (Stieglitz's)  meth- 
ods," and  discussing  freely  and  with  my  consent  with  my  col- 
laborators, whose  work  was  already  completed,  the  ideas  and  in- 
vestigations carried  on  in  our  laboratory.  As  the  St.  Louis 
address  had  been  given  the  year  before  and  as  Mr.  Acree  is 
one  of  our  own  Doctors  of  Philosophy,  we  had  no  fear  of  un- 
toward results.  With  the  idea  of  presenting  all  the  experi- 
mental applications,  and  especially  of  working  out  a  number 
of  important  secondary  phases  of  the  question   (salt  effects, 

1  These  were  treated  as  oxonium  bases,  exactly  as  Acree  has  also  now  done. 

-y  is  dropped  in  the  formulas. 

3  See  his  conclusions  (p.  355)  and  the  assertions  in  italics,  pp.  259  and  348.  Al- 
though called  the  fourth  paper  on  catalysis  by  him,  it  is  noteworthy  that  the  principles 
were  "  discovered"  only  after  he  had  my  paper  in  printed  form  before  him.  Myfrstp&ptr 
on  catalysis  (St.  I,ouis  address)  contained  my  principles. 
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etc.)  quantitatively  and  presenting  the  material  complete 
in  all  details,  the  question  of  the  publication  of  these  results 
was  not  considered  urgent,  as  we  felt  we  were  fully  protected 
in  our  field  by  the  address — just  as  we  are  protected  now. 

(3)  In  an  address  given  before  the  Chemical  Club  of  Johns 
Hopkins  University,  April  6,  1907,  which  Mr.  Acree  attended, 
the  experimental  results  obtained  in  the  seven  or  eight  in- 
vestigations enumerated    above ^  were    presented,    the  results 

confirming  my  ideas  in  all  respects. 

(4)  Mr.  Acree  was  kind  enough  to  notify  me  some  weeks 
ago  that  he  intended  publishing  a  paper  on  catalysis  and 
to  tell  me  something  of  the  facts  he  had  "  re  "-discovered.  At 
the  time  I  called  his  attention  to  the  fact  that  all  those  "  new 
principles"  modifying  our  views  of  catalysis  had  been  discov- 
ered and  already  reported  upon  in  1904  at  the  Congress  and 
that  I  would  call  attention  to  this  fact  if  I  was  not  satisfied 
with  his  presentation  of  the  case.  Since  he  assured  me  that 
he  was  most  anxious  to  give  me  full  credit  for  what  I  had  done, 
I  am  certain  that  he  will  not  take  this  clearer  statement  of 
facts  in  my  own  words  amiss.  No  doubt  he  has  sought  to 
fulfill  his  promise,  and  by  this  statement  I  do  not  wish  to  re- 
flect in  any  way  unnecessarily  on  him,  but  as  his  paper  is  a 
long  one,  and  as,  at  the  vital  points,  he  has  seen  fit  to  make  no 
mention  of  my  having  arrived  previously  at  the  same  theoret- 
ical results  and  has  obscured  the  issue  by  giving  credit  to  my 
paper  for  only  part  of  its  contents,  I  have  felt  it  necessary  to 
call  attention  to  these  facts,  freed  from  all  obscurities. 

Chicago,  Sept.  lo,  1907. 


STUDIES  IN  BROMINATION. 

[SIXTH   COMMUNICATION   ON   CATALYSIS.] 
By  S.  F.  Acree,  J.  M.  Johnson,  and  Sidney  Nirdlinger. 

The  notice  of  Cohen  and  Cross^  on  "The  Mechanism  of  the 
Bromination  of  Acylamino  Compounds"  makes  it  necessary  for 
us  to  point  out  that  we  have  been  studying  such  catalytic  reac- 
tions in  this  laboratory  during  the  past  two  years.     In  pre- 

1  See  the  paper  to  be  published  in  the  January  number  of  This  Journal. 
-  P.  Chem.  Soc,  33,  148. 
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vious  articles  by  Acree  and  Johnson^  it  was  shown  quantita- 
tively that  these  reactions  proceed  as  follows : 

( 1 )  CHgCONHCHs  +  Br^     ^  ) 

rr  kH3CONHBr2CA  ^^ 

(2)  CHgCONBrC^Hs  +  HBr  ^  )  a 

(3)  CHgCONHCsH.Br  +  HBr, 

the  reactions  being  exactly  the  same  as  those  reported  by 
Jackson  and  Clarke,  ^  and  by  Fries — ^  I 

(CH3)2NCeH5  +  Br2  ^  (CH3)2NBr2C,H,  ^-^ 

(CH3)2NHBrCeH,Br  ^  (eH3)2NC,H,Br  +  HBr. 

The  reaction  products  of  (2)  are  the  chief  ones  in  alkaline 
solution,  while  those  of  (3)  are  the  end  products  in  acid  solu- 
tions. The  velocity  of  formation  of  the  products  of  (3)  was 
proved  quantitatively  to  be 

dx 

~^  ~  ^ trans  ^  V-- hal       ^)  ^  ^H  ^  ^ Br  ~ 

^ trans  ^  \^haf 

ion 

aininobenzene,  and  the  other  terms  have  the  usual  significance. 
The  intermediate  product,  A,  and  such  products  as  enzyme- 
ester,'  CH3COOR.H,  (CH3)2  =  NHOH,  (CeHi,05)20H,  CHgCCO) 
(0H)(NH2),'  etc.,  are  the  active  forms  mentioned  by  Arrhenius^ 
and  others  in  many  catalytic  reactions. 

The  success  of  Cohen  and  Cross  in  isolating  the  compound 
CH3CONHBr2CgH4CH3  is  an  interesting  confirmation  of  our 
views.  Mr.  Nirdlinger  has  been  able  to  obtain  from  the  com- 
pound CH3CON(CH3)CgHg  and  bromine  the  addition  product 
CH3CONBr2(CH3)CeH5  in  not  quite  pure  state.  The  substance 
liberates  iodine  from  iodides,  oxidizes  alcohol  to  acetaldehyde, 
and  behaves  as  is  to  be  expected  of  such  products.  The  in- 
vestigation is  being  extended  to  the  reactions  involved  in  the 
formation  and  rearrangement  of  such  compounds  as  phenyl- 

1  This  Journal,  37,  410;  38,  265. 
2/*irf.,  34,  261;  36, 409.  _       ' 

3  Ann.  Chem.  (I,iebig).  346,  128.  '  ■'   ■^'^"' 

*  Acree  and  Hinkins:  This  Journal,  a8,  372. 
6  Z.  physik.  Chem.,  4,  233. 
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hydroxylamine,  phenylnitramine,  phenylsulphaminic  acid,  and 
other  analogous  cases. 

JOHNS  Hopkins  University, 
October  20,  1907. 
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Introduction  to  Metallurgical  Chemistry  for  Technical  Stu- 
dents. By  J.  H.  Stansbie,  B.Sc.  (Lond.),  F.I.C.,  Associate  of  Mason 
University  College  and  Lecturer  in  the  Birmingham  Municipal  High 
School.  Second  edition.  New  York:  Longmans,  Green  &  Co.  pp. 
252.  Price,  $1.25  net. 
A  very  simple,  clear,  little  manual  compiled  for  the  use  of 

students  of  metallurgy  in  technical  evening  schools.         E.  R. 

Jahrbuch  der  Chemie.     Bericht  iiber  die  wichtigsten  Fortschritte  der 
reinen  und  ange  wand  ten  Chemie.     Unter  Mitwirkung  von  H.  Beckurts, 
Braunschweig ; C.  A.  Bischoff,  Riga;M.  Delbruck,  Berlin;  J.  M.  Eder, 
Wien;  Th.   Fischer,   Berlin;  P.   Friedlander,   Wien;  C.   Haeusser- 
mann,  Ludwigsburg ;  A.  Herzfeld,  Berlin ;  K.  A.  Hofmann,  Miinchen ; 
J.  Lewkowitsch,  London;   A.  Morgen,  Hohenheim;   M.  NierEnstein, 
Liverpool;  F.   Quincke,  Leverkusen;  O.  Sackur,  Breslau;  K.  Spiro, 
Strassburg  i.  E. ;   herausgegeben  von   Richard  Meyer,  Braunschweig. 
XVI.  Jahrgang,    1906.     Braunschweig:     Druck  und  Verlag  von  Fried- 
rich  Vieweg  und  Sohn.     1907.     pp.  638.     Unbound  16  M. ;  bound  17  M. 
The  Jahrbuch  is  always  welcome  and  always  profitable  to 
the  reader.     It  is  a  book  that  a  chemist  can  sit  down  and  read 
and  be  interested  in.     If  he  is  specially  informed  in  the  field  of  . 
physical  chemistry,  he  will,  of  course,  learn  more  from  those 
chapters  that  deal  with  other  branches  of  chemistry.     If  he 
is  an  "  organic  chemist"  he  will  do  well  to  read  the  chapters  on 
physical  chemistry  and  inorganic  chemistry.     He  is  sure  to 
find  much   that  in  his  daily  reading  he  has  missed.     So,  too, 
the  chemist  who  is  not  engaged  in  technical  work  will  do  well 
to  read  the  chapters  that  deal  with  technical  matters. 

The  writer  of  this  notice  has  examined  this  volume  of  the 
Jahrbuch  with  some  care  and  especially  those  parts  of  it  which 
treat  of  matters  more  or  less  familiar,  and  is  glad  to  be  able  to  say 
that  those  who  have  prepared  the  reports  appear  to  have  used 
good  judgment  in  the  selection  of  material.  i.  r. 

Studies  in  Plant  and  Organic  Chemistry  and  Literary  Papers. 
By  Helen  Abbott  Michael  (Helen  C.  De  S.  Abbott)  with  Biograph- 
ical Sketch.  Cambridge,  Mass.:  Riverside  Press.  1907.  pp.  423. 
Price,  $2 .  50. 

The  scientific  "gifted  amateur,"  though  little  known  in  this 
country,  and  practically  not  at  all  on  the  continent  of 
Europe,  has  always  flourished  in  England,  as  the  names 
of  Darwin,   Romanes,  De  la  Rue,  Lord  Rayleigh,  and  many 
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others  testify.  These  investigators  have  set  standards 
for  the  professional  worker,  but  they  were  "amateurs" 
because  their  scientific  activities  were  in  no  way  connected 
with  their  means  of  livelihood.  Mrs.  Michael  was  an  amateur 
in  the  same  sense  of  the  v/ord,  and,  so  far  as  the  writer 
is  aware,  she  shared  with  Madame  Curie  the  distinction  of  being 
the  only  woman  devoted  to  chemistry  for  its  own  sake.  Since 
M.  Curie's  death,  Madame  Curie,  having  accepted  an  official 
appointment,  has  become  a  "  professional." 

The  book  under  review  contains  a  biographical  sketch  of 
Mrs.  Michael  by  Nathan  Haskell  Dole,  her  collected  chemical 
publications,  dealing,  as  is  well-known,  chiefly  with  plant  con- 
stituents, and  certain  papers  relating  to  literature  and  art, 
subjects  to  which  she  chiefly  devoted  her  attention  during  the 
later  years  of  her  fife. 

The  news  of  Mrs.  Michael's  untimely  death  was  received 
by  chemists  generally,  including  those  to  whom,  like  the  re- 
viewer, she  was  personally  unknown,  with  feelings  of  sincere 
regret  and  respectful  sympathy  for  her  husband  and  relations. 
The  issue  of  this  volume,  which  forms  an  admirable  memorial 
of  her  work,  will  serve  to  revive  and  renew  these  sentiments. 

J.  B.  T. 

Radioaktive  Umwandlungen.  Von  E.  Rutherford,  Professor  der 
Physik  an  der  McGill  Universitat  in  Montreal.  Ubersetzt  vonM.  Levin. 
Mit  53  eingedruckten  Abbildungen.  Braunschweig:  Druck  und  Verlag 
von  Friedrich  Vieweg  und  Sohn.      1907.     pp.  285. 

This  is  the  translation  into  German  of  Rutherford's  well- 
known  Yale  lectures.  The  author  states  that  "in  arranging 
the  chapters  of  the  present  volume,  the  order  in  which  the 
subject  was  dealt  with  in  the  lectures  has  been  closely  followed, 
but  as  our  knowledge  of  the  subject  is  increasing  so  rapidly, 
I  have  thought  it  desirable  to  incorporate  the  results  of  the  many 
important  investigations  which  have  been  made  since  the  lec- 
tures were  delivered.  This  is  especially  the  case  in  the  chap- 
ter dealing  with  the  oc-rays,  to  which  much  attention  has  been 
devoted  in  the  past  year  on  account  of  the  important  part  they 
play  in  radioactive  transformations.  *  *  *  *  As  some 
months  have  elapsed  since  the  appearance  of  the  English  edi- 
tion, it  has  been  thought  desirable  to  make  a  brief  reference 
in  the  form  of  footnotes  to  the  more  important  advances  made 
in  the  interval." 

The  above  quotation  from  the  preface  will  serve  to  show 
that  the  work  has  been  brought  up  to  date.  The  fact  that  it 
is  written  by  Rutherford  guarantees  it  as  a  standard  in  the 
field  of  radioactivity.     As  the  work  has  already  been  reviewed 
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in  This  JournaIv,^  it  is  only  necessary,  in  the  present  connection, 
to  call  attention  to  the  appearance  of  the  up-to-date  German 
edition.  h.  c.  j. 

Solubilities  of  Inorganic  and  Organic  Substances.  A  Handbook 
OF  THE  Most  Reliable  Quantitative  Solubility  Determinations. 
Recalculated  and  compiled  by  Atherton  Seidell,  Ph.D.  Q.  H.  U.), 
Chemist,  Division  of  Pharmacology,  Hygienic  Laboratory  of  the  U.  S. 
Public  Health  and  Marine  Hospital  Service,  Washington,  D.  C.  Form- 
erly assistant  chemist,  Bureau  of  Chemistry, U.  S.  Department  of  Ag- 
riculture. New  York:  D.  Van  Nostrand  Company,  23  Murray  and  27 
Warren  Sts.     1907.     pp.  367. 

The  author  states  that  "  The  following  features  have  been 
considered  of  chief  importance  in  preparing  the  present  com- 
pilation: Completeness  of  the  data,  reUabiUty  of  the  determina- 
tions, uniformity  in  expression  of  results,  convenience  of  ar- 
rangement of  material,  and  the  indexing  of  the  cross  refer- 
ences to  tables .  The  material  has  been  collected  almost  entirely 
from  the  original  sources,  and  not  from  text-books  or  works 
of  reference.  The  plan  followed  has  been  to  search  diligently 
the  tables  of  contents  or  indices  of  twenty-five  of  the  princi- 
pal chemical  journals  issued  since  1875,  and  to  consult  all  arti- 
cles in  these  as  well  as  in  other  journals  to  which  references 
could  be  obtained." 

The  above  program  outlines  the  general  plan  of  the  work. 
A  glance  at  the  contents  indicates  that  the  plan  has  been  fol- 
lowed conscientiously.  More  careful  attention,  however,  to 
linguistic  matters  would  have  improved  the  book.  Whatever 
else  may  be  said  of  such  a  work,  it  is  clear  that  an  enormous 
amount  of  drudgery  is  involved  in  its  preparation.  To  have 
such  data  as  are  contained  in  this  volume  in  a  compact  form 
is  of  value  to  investigators  and  also  to  technical  chemists. 

H.  c.  J. 

»  37,  661  (1907). 
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ERRATA. 

>--^olume  38,  page  25,  line  11/  formula   III.    should  be 

RC[  :NHR'(OH)][NHR"]. 
U-^olume  38,  page  25,  line   11/  formula    IV.    should   be 

RC[:NHR"(OH)][NHR']. 
pA'^olume  38,  page   26,  line    13,  formula  III.   should  be 

R[:NHR'(OH)][NHR'']. 
UVolume   38,   page   26,    line    13,   formula  V.    should   be 

RC[  :NHR'][NHR'']  +  OH. 
'Volume   38,   page   26,   line    14,   formula   IV.   should  be 

RC[:NHR''(OH)][NHR']. 
Ix^Volume  38,  page   26,   line    14,  formula  VI.   should  be 

RC[  :NHR''][NHR']  4  OH. 
U-^olume  38,  page  267,  line  12, *  for  (C^^^  —  x)  +  C^  = 
etc.,  read(C^^;  —  x)  X  C^  =  etc. 

i/Volume  38,  page  283,  line  16,  for  2.70  read  270. 


^  " 

'        "       294, 

'       8 

"    0.0556   read  0.00556 

u^-  " 

'        "       314- 

'      13 

"    Xjreadx^. 

i^'  «« 

'        "       314. 

'     5.' 

"    X  re^d  X. 

i^'  " 

'        "       338. 

2, 

omit  Euler. 

v^    « 

'        "       338, 

'      9, 

for  water  read  solution. 

^     " 

'      "     339. 

'     II, 

"    C^readCV 

U-     " 

'      "     339. 

'   12/ 

omit  Euler. 

V      " 

'      "     339, 

'     9,^ 

for  cathion  read  salt. 

\^     «' 

'      "     340, 

'     10, 

"    above  read  a  base. 

I  From  foot  of  j 

age. 
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-Volume  38,  page  342,  line  4,  omit  Euler.    '- 
■^      "         "      "     353.    "    4/ for  C^  read  C^. 
-^     "         "      "     406,    "   11/   "    100  cc.  read  10  cc. 
n^     "         "      "     417,  and  42^,  transpose  Figs.  II.  and 

VI. 
"         "      "     509,  line  9/  for  use  of  the  ore  read  use 
of  the  arc. 

From  foot  of  page. 
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